VOLUME 8 





FEBRUARY 1959 NUMBER 1 


AUSTRALASIAN 
ANNALS OF MEDICINE 


Journal of The Royal Australasian College of Physicians 


EDITORIAL COMMITTEE 


C. G. McDonaLp (Chairman), E. Forp, C. R. B. BLackBuRN 
B. C. SINCLAIR-SMITH, H. M. WHYTE 
RALPH READER (Secretary) 
RONALD WINTON (Editor) 





DOMINION AND STATE REPRESENTATIVES 


New Zealand 
M. K. Gray, J. O. MERCER, E. G. SAYERS, SIR HORACE SMIRK 


Queensland Tasmania 

TAN MACKERRAS J. L. Grove 

JOHN TYRER SiR RALPH WHISHAW 
South Australia Victoria 

A. A. ABBIE E. S. J. Kinc 

H. N. Rosson T. E. Lowe 

E. B. Sims S1R MACFARLANE BURNET 


A. J. M. SINCLAIR 


Western Australia 
CyrRiL FortTuNE, ErRIc SAINT 























CONTENTS 


EDITORIAL: THE PHYSICIAN - - - - - = “ - ‘ 


OBSERVATIONS ON Kuru: II. CrintcaL Features. D. A. Simpson, 
H. Lander and H. N. Robson - - - : “ . » fe 


OBSERVATIONS ON Kuru: III. PATHOLOGICAL FEATURES IN FIVE CASES. 
Malcolm Fowler and E. Graeme Robertson - - - = - 


RENAL LESIONS IN SCLERODERMA : CLINICAL AND PATHOLOGICAL FEATURES. 
J. D. Tange - - . - - - - - é i ‘ 


EARLY NEPHRON CHANGES: A MICRODISSECTION StuDy. Thelma J]. Baxter 
MARFAN’S SYNDROME: THE NATURE OF THE Aortic DeFEctT. /. V. Hurley 
A SURVEY OF LEUKZMIA IN THE COMMONWEALTH. R. S. Colton . : 


A FaTAL CASE OF ACUTE PHOosPHORUS PorsoniING. C. W. Crane, P. Ebeling 
and A. B. Bentley - - = “ e- “ = g . u 


THE ADRENOCORTICAL RESPONSE TO CORTICOTROPHIN IN ADDISON’S DISEASE 
AND PANHYPOPITUITARISM. Frances Foggitt and A. W. Steinbeck - 


AMENORRHGA AND PROLONGED LACTATION INCLUDING A FURTHER REPORT OF 
THE CHIARI-FROMMEL SYNDROME. Alex Cohen - - - - - 


THE CALCIUM INFUSION TEST: A DISCUSSION OF THE PATTERNS FOUND IN 
Various DisorDERS. James McRae, Patricia J. Crowe and Nancy E. Dale 


PROCEEDINGS OF THE ROYAL AUSTRALASIAN COLLEGE OF PHYSICIANS 





Page 


16 


27 


35 


45 


55 


66 


71 


77 


82 














NOTICE TO CONTRIBUTORS 


AUSTRALASIAN ANNALS OF MEDICINE is intended for the publication of original 
observations and research in internal medicine and the medical sciences in general 
by medical graduates and other scientific workers. Single case reports cannot 
usually be accepted unless they are the subject of special observations or experiments. 


Articles submitted for publication are understood to be offered to AUSTRALASIAN 
ANNALS OF MEDICINE only, unless the contrary is stated. 


Articles submitted for publication should be typed with double or triple spacing, 
with a margin of at least one inch and with adequate space at the top and bottom 
of each sheet. Carbon copies should not be sent. 


References to articles and books should be carefully checked. They should 
conform to the Harvard System, appearing in the text as author’s name, followed 
by the year of publication, and listed alphabetically at the end with the following 
particulars : surname of author, initials of author, year, full title of article, name of 
journal abbreviated in the style of ‘“‘ World Medical Periodicals ’’ (published by the 
World Medical Association), volume, number of first page of the article. Ifa reference 
is made to an abstract of a paper, the name of the original journal, together with 
that of the journal in which the abstract has appeared, should be given with full 
particulars in each instance. 


All measurements should be expressed in the metric system. 


Line drawings, charts, graphs and so forth should be drawn on thick white 
paper or special graph paper in Indian ink. Photographic prints should be 
reproduced clearly on glossy paper. Skiagrams can be reproduced only if good 
prints are available. In the journal, figures will as a general rule be either 
7°5 or 15 centimetres wide, approximately. Lettering and other details should 
therefore be sufficiently large to allow such reduction without loss of clarity. The 
number of illustrations sent should be restricted as far as possible. Only a limited 
number are accepted without the making of special arrangements. 


Reprints can be supplied at cost price; the minimum number is 50 copies. 
Orders for reprints should be given when the author’s proof is returned. 


Editorial communications should be addressed to the Honorary Secretary of 
the Editorial Committee, The Royal Australasian College of Physicians, 145 Macquarie 
Street, Sydney. 


The journal is published quarterly in February, May, August, and November. 
The subscription rate is four pounds per annum (one pound per issue), payable in 
advance to The Royal Australasian College of Physicians, 145 Macquarie Street, 
Sydney. Advertising rates may be obtained on application to Australasian Medical 
Publishing Company Limited, Seamer and Arundel Streets, Glebe, Sydney. 








AUSTRALASIAN ANNALS OF MEDICINE 


VOLUME 8 FEBRUARY, 1959 NUMBER 1 








THE PHYSICIAN 


It becomes every man who purposes to give himself to the care of others, seriously 
to consider the four following things: First, that he must one day give an account 
to the Supreme Judge of all the lives entrusted to his care. Secondly, that all his skill, 
and knowledge, and energy, as they have been given him by God, so they should be 
exercised for His glory and the good of mankind, and not for mere gain or ambition. 
Thirdly, and not more beautifully than truly, let him reflect that he has undertaken 
the care of no mean creature, for, in order that we may estimate the value, the greatness 
of the human race, the only begotten son of God became himself a man, and thus 
ennobled it with His divine dignity, and, far more than this, died to redeem it. And, 
fourthly, that the doctor, being himself a mortal man, should be diligent and tender in 
relieving his suffering patients, inasmuch as he himself must one day be a like sufferer. 


THOMAS SYDENHAM (1624-1689) 


Let me e’er behold in the affiicted and suffering 
Only the human being ! 


MAIMONIDES (1135-1204) 


It is a tyranny of our language that we have no word which defines succinctly those 
human qualities which should be part of the mental armamentarium of every professional 
man. We describe medicine as a science and an art. We know what we mean by 
“science ’’’; we have vague impressions of the meaning of “art”. To most physicians 
it means the skill born of knowledge and developed by experience and then applied to 
the problems of the diagnosis and treatment of disease. Young men and women who 
aspire to the practice of internal medicine have no doubts where their activities should lie. 
After gaining a preliminary knowledge of the basic sciences of physics, chemistry and 
biology, they must study anatomy, physiology and biochemistry (the two latter with 
ever-increasing intensity) before they learn the principles of theoretical and clinical medicine. 
In their pursuit of higher qualifications after graduation at a university they know that in 
this physiological and biochemical age they must saturate their minds with the multitudinous 
facts of applied science if they are to satisfy science-conscious examiners. Realizing of 
course that psychosomatic medicine has some claim to their attention, they aim to achieve 
this knowledge by delving into text-books of psychiatry, so that they may at least be 
conversant with the nomenclature of psychological medicine. When as practising physicians 
it is borne in on them that the majority of their patients have little or no evidence of organic 
disease, they must willy-nilly learn a technique of therapy for which they have had no 
adequate training. 

If it goes ill with the young specialist physician, it goes worse with the newly-fledged 
general practitioner. He may lack the depth of knowledge of the physician, who can 
speak with no uncertain voice when his patient has no stigma of-any organic defect, The 
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protean symptom-complexes of psychosomatic disorders may bewilder the youthful 
practitioner who, uncertain in his knowledge of the organic, shows mental stagger in his 
approach to problems that are as yet beyond his ken. It takes years of experience and 
prolonged study of symptoms before he can gain that confidence in his own opinion that 
is one of the marks of a good doctor. 


There are of course certain gifted spirits who, whether they practise as consultants 
or as general practitioners, welcome the challenge of adventure into what is as yet an 
unconquered field of medicine. They may regret that the academic course through which 
they passed gave them little preparation for the problems which now beset them, but this 
very gap in their knowledge acts as a stimulus to their thought and their searching. They 
use the faculty of implicit reason, which soon makes them masters of the situation. 


A great writer of the last century has described how the human mind “ ranges to and 
fro, and spreads out, and advances forward with a quickness which has become a proverb, 
and a subtlety and versatility which baffle investigation. It passes on from point to 
point.” Then he goes on to compare it to a mountaineer, whose quickness of eye and 
skilful hand and firm foot allow him to climb, but how he makes the ascent he knows not 
himself, doing it by a combination of personal gifts and experience rather than by rule. 
He leaves no track behind him, and he is unable to teach another. 


Now if the physician’s mind is the instrument which he uses, what shall we say of 
the materials on which his mind works? These are the kaleidoscopic variations of 
sentiments or feelings or passions or fears which, welling up into the conscious, engage 
the patient’s attention and determine his mood. In a charming passage Balmes, the 
Spanish philosopher, speaks of these varieties of disposition: ‘‘ Not more inconstant and 
changing is the sea flogged by the hurricane, played on by the zephyr, rippled by the breath 
of the aurora, motionless with the weight of a leaden sky, gilded by the rays of the rising sun, 
silvered with the beams of the queen of night, studded like lacework with the stars of the 
firmament, wan as the cheek of the dead, bright as the glow of the fire-fly, gloomy and 
dark as the mouth of the tomb.” It is the great consolation of the good doctor that with 
the alchemy of his skill he can transmute the tempest into a calm, agitation into equanimity, 
dejection into joy, despair into hope, resentment into patience, weariness into ease, prostra- 
tion into activity, cowardice into courage and gravity into lightness of heart. How he does 
it is no subject for learning ; and were it a subject, there would be no effective teacher. 
Plato has shown that the highest mental faculty of man depends on his grasp of the middle 
propositions which lie between observed facts and philosophical judgement and are concerned 
with immediate application and action. Not all doctors are accurate observers, and not 
all can speculate swiftly and wisely. Experience, said Montaigne, stands on its own dunghill 
in medicine, and reason yields it place. The practice of physic is an art, a craft, a skill 
and a vocation, for which examination papers never have been and never can be set. 


These observations lead us to the enunciation of the belief that the close personal 
liaison between the physician and his patient must at all costs be preserved. When The 
Royal Australasian College of Physicians was being formed in 1938, a senior councillor of 
the Royal College of Physicians of London wrote to the founders expressing the hope 
that the new College would do all in its power to remain close to the heart of man, and he 
urged it to take for the legend on its coat of arms Terence’s famous tag: Nil humani a me 
alienum puto. He was afraid of the cleavage which he saw coming between the science of 
medicine and the practice of its art. Castiglioni, the medical historian, has expressed the 
same view, emphasizing the limitations of biochemical, bacteriological, radiological and 
other ancillary aids to diagnosis and demanding a return to the patient’s bedside, ftom 
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which medicine should never have separated itself. ‘‘ All the marvellous discoveries of 
recent times ”’, he states, “‘ cannot remove the physician from his post of honour in detecting 
morbid phenomena and following the mysterious rhythm of life and death ; a post, that is, 
at the bedside of the patient.” 


We cannot of course afford to be pulled too far by the forces of reaction. Had medicine 
remained by the bedside and made no incursions into the laboratory, it would still be 
largely empirical, as it was in the early years of this century. What makes it so difficult 
a profession is that the good modern doctor must be both scientist and friend in the fullest 
human sense in his relations with his patients. He must integrate science with his pro- 
fessional duty ; and should a conflict ever arise, it is science which should yield. That 
there are so many physicians practising medicine in or out of clinical schools today, skilled 
in the technical advances of their science and yet ever mindful of Sydenham’s admonition 
to be “ diligent and tender’ in relieving suffering, is one of the glories of our craft. 


It is agreed that the fundamental difference between the physical sciences and the 
humanities is that the former are impersonal, while the latter have relation to the strengths 
and foibles and the aspirations and despairs of humankind. In this classification poetry, 
literature in all languages, art, music and history range themselves among the humanities. 
The professions find themselves in the midway, dependent on the physical, but ever ranging 
and extending into the human field, which is the object and raison d’étre of their existence. 
Medicine was instituted for the service of mankind, and he serves best who never forgets 
his goal. 

C. G. McDonaLp. 


































































































































































































OBSERVATIONS ON KURU: 





D. A. Stmpson,? H. LANDER,’ H. N. Ropson* 
From the Department of Medicine, University of Adelaide 


SUMMARY 





II. 





CLINICAL FEATURES! 


Study of the clinical features of kuru shows that the most prominent neurological signs are those 


of a progressive, ultimately very gross motor incoordination suggesting cerebellar dysfunction. 


Passive 


tone is not constantly increased ; but when it is, its character is compatible with extrapyramidal disorder. 
Apart from tendon hyperreflexia, signs attributable to pyramidal dysfunction are scanty. 

Mental changes, mainly of affect, are prominent. 

Disturbances of sensation or of cranial nerve functions are not found. 


The pattern and course of the disease is strikingly uniform, but the rate of deterioration may be quite 
uneven. 





ZicAs and Gajdusek (1957, 1958) have 
presented much information on many aspects 
of kuru. In view of the _ considerable 
uncertainty which still surrounds the disorder, 
it seems desirable to define the characters of the 
disease with all possible precision in terms of 
neurological signs and presumed neurophysi- 
ology, and such is the intention of the present 
communication. 


MATERIAL 


In the course of recent visits to the Fore region 
of Eastern New Guinea the authors were able to 
study in detail 27 patients believed to be victims 
of kuru (Table I). There were 18 females and 
g males. Their ages ranged from six to forty 
years. Three women alleged to have recovered 
from kuru and one woman now apparently 
suffering from the disease and giving a history 
of three previous attacks with recovery were 
also examined (Table II). All these patients 
had previously been studied by Zigas and 
Gajdusek. The patients were seen at the 
Administration hospitals at Kainantu and at 
Okapa, and in villages throughout the north 
Fore area. In addition, a considerable number 
of apparently non-affected members of the Fore 
tribe were examined in attempts to define the 
normal characteristics of this people. 


HISTORY 


Zigas and Gajdusek (1957) have found that 
kuru begins as an ataxy of gait, save in a rare 
case in which the first symptom is tremor. In 
a substantial minority, there was an antecedent 


1 Received on July 25, 1958. , 
2 Neurosurgical Registrar, Royal Adelaide Hospital. 
3 Research Fellow, University of Adelaide. 

4 Professor of Medicine, University of Adelaide. 


Recovery has been claimed, but this remains uncertain, and may be due to hysterical mimicry. 





complaint of mild headache or painful knees 
several weeks before the onset of the ataxy. 
The authors are unable to expand this important 
observation. In nocase was a history suggestive 
of acute encephalitis obtained. No neurological 
symptoms other than ataxy and tremors were 
described. 


PHYSICAL SIGNS 
Motor Disturbances 


Kuru is first and foremost a disturbance of 
motor function. For simplicity, the mani- 
festations—incoordination, involuntary move- 
ments, abnormalities of tone, weaknesses, and 
reflex change—may be considered under separate 
headings, although it is believed that they are 
nearly all expressions of one basic defect— 
destruction and disintegration of those cerebellar 
and subcortical centres which regulate the spinal 
stretch reflex. 


Incoordination 


All 27 patients showed a bilateral, more or 
less symmetrical, incoordination of voluntary 
motor action, such as suggested a diffuse 
cerebellar lesion. In all save the earliest cases, 
this was easily demonstrable in the arms by 
hand-patting or finger-nose tests, and in the legs 
by foot-patting or toe-finger tests. Even more 
striking, and probably earlier in appearance, 
were the disturbances of gait. At first patients 
appeared to walk fairly well, but heel-toe walking 
betrayed an unsteadiness, and they would totter 
on being suddenly halted. Later the gait 
became reeling, and the associated arm-swinging 
stiff and awkward. Finally, the patient needed 
support, first from a stick, then from one or 
two friends; and at this stage he sometimes 
exhibited a somewhat stamping gait, more 
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but no tremor 


TABLE II. 
Case Status when | 
Number Name Sex | Age History of Kuru Examined | Comment 
28 Iokoi’o es ee January, 1957: Relatives say had severe | March 2, 1957: Seen by ! Definitely mcod-labile 
| kuru. Recovered in two days as result Zigas. No kuru | type 
| of counter-magic | December 17, 1957: No | 
| | abnormality found | 
29 | Ametma F | 25 October, 1956: Thought to have early kuru | December 21, 1957: No | Cheerful and flirtatious 
i | (Zigas). Recovered by January, 1957 | abnormality detected personality 
30 Yakona ‘F 40 October, 1956: Thought to have early kuru | December 20, 1957: No | “ Often has vague illness,” 
(Zigas) abnormality found Unusually cheerful and 
March, 1957: In statu quo (Zigas). Ataxia 1 flirtatious 


April, 1957. Normal (Zigas) 








31 Nagoiya F 38 











to pregnancy ance, Some ataxy. 
November, 1957: Ataxia and mild tremor. Tremor slight. No 
Again developed after pregnancy. | alteration of reflexes. 
Thought to be early kuru (Zigas) ;} No strabismus or 

| nystagmus 


Claims to have had kuru 18 years and 13 | January 23, 1958: Am- | Not distinguishable from 
years previously. Both episodes related 


bulant without assist- other cases of early kuru 








tabetic than cerebellar. Coupled with this 
progressive disturbance of gait was an astasia, 
which is considered below. 


In more advanced cases, the incoordination 
of limb movements became very marked. The 
classical signs of a cerebellar defect—adia- 
dochokinesia, decomposition of movement, 
dysmetria etc.—could be demonstrated. Finally 
the patient, unable to walk or to feed, exhibited 
an asthenia such as is found in cerebellar lesions ; 
the limbs appeared paralysed but, with 
encouragement, were capable of unexpected 
strength. This, however, was slowly mobilized, 
functionally almost useless and strikingly ill- 
sustained. The ataxy was present equally in 
limbs and trunk, suggesting widespread involve- 
ment of the cerebellum. There was some 
suggestion, however, that in the earliest cases 
trunk equilibration was selectively impaired. 


Involuntary Movements 


These were very prominent, though usually 
later in appearance. For convenience they may 
be classified as follows: (a) ataxic movements, 
(b) the “kuru tremor ’”’, (c) torsion dystonias, 
(d) myoclonic movements, (e) tremor suggesting 
Parkinsonism, (f) fasciculation. 

(a) Ataxic Movements.—These were very 
conspicuous, and were evident in all cases. 
They were jerky, at times almost‘ choreiform, 
movements brought on by voluntary action. 
Although they might be quite violent and 
disproportionate in strength and amplitude to 
the action intended, their relationship to it was 
clear and apparently only an expression of the 
ataxy. Muscular activity of this kind was never 
seen when the subject was altogether at rest. 
In no case were these movements exclusively, 
or even predominantly, lateralized. 





(6) The “‘ Kuru Tremor ’”’.—So designated by 
Zigas and Gajdusek, the “ kuru tremor ”’ is very 
characteristic of the disease, though not always 
present. It was observed in 23 of the 27 cases. 
It may be defined as a fine, regular tremor, 
somewhat resembling shivering in rate and 
amplitude ; it develops in muscles carrying out 
sustained contraction, especially postural 
muscles. Naturally, its manifestations varied 
with the muscle group affected. Thus it was 
seen as a regular, almost clonic tremor in the 
quadriceps while the subject was standing, or 
as a shivering of the abdominal muscles when 
they were taut. Very commonly it affected the 
neck mviscles, giving a fine titubation. 

This tremor had some of the features of 
paralysis agitans. But the differences were 
more marked than the similarities. The kuru 
tremor was finer and had more selectivity for 
antigravity muscles. The regular alternation of 
agonists and antagonists seen in paralysis 
agitans was not prominent. Above all, the 
kuru tremor could be wholly abolished by 
complete support, and no exception to this has 
been seen by the present authors. Pill-rolling 
movements were not exhibited, nor was the gait 
festinant, nor did the alterations in tone 
approximate to the rigidity of classical Parkin- 
sonism. Mask-like facies were noted only 
occasionally. 


(c) Writhing Torsion Spasms.—These were 
seen in four advanced cases (Table I, Cases 16, 
17, 25, 26). They were tonic spasms of the 
trunk muscles, strong enough to roll over a 
lying patient, and invariably precipitated by 
some voluntary action, usually of a limb. 

(4) Myoclonic Movements.—These shock-like 
contractions of single muscles with no repetitive 
character were rare. It is believed, however, 
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that they were present in at least three patients 
(Table I, Cases 3, 12, 24). They were not 
evident when the patient was wholly at rest. 

(e) Parkinsonian Tremor.—A true Parkin- 
sonian tremor was carefully sought but not 
found. The nearest approximation thereto was 
seen in the patient in Case 3 (Table I), who had 
on one occasion a tremor of arm and forearm 
which was rhythmical, involving agonists and 
antagonists reciprocally, and of about the 
amplitude and rate usual in paralysis agitans. 
It was, however, intensified by action and 
abolished by total rest, and it did not involve 
the fingers significantly. 

(f) Fasciculation.—Coarse fasciculation of 
voluntary muscle was seen in seven patients. 
This was an intermittent localized contraction, 
involving a few fibres only, and seen in muscles 
wholly at rest. It could be potentiated by 
percussing the muscle or by gentle passive 
stretching. It has been observed in quadriceps, 
gastrocnemii and interossei. This fasciculation 
resembles that seen in motor neuron disease, 
and it probably indicates progressive death of 
anterior horn cells in kuru. It was usually 
associated with tendon hyporeflexia, which 
would support this belief. 


Disturbances of Tone 


It would seem that most of the involuntary 
movements and ataxic phenomena are basically 
disturbances of tonic excitation and relaxation. 
But in the narrower sense, tone has been 
analysed in two aspects, passive tone and 
postural tone. 

(a) Passive Tone.—This is the opposition to 
passive movement of a limb. This was less 
disturbed than might be expected. In 15 of the 
group of patients, it appeared normal. In five 
cases there seemed to be some hypotonia, either 
generalized or confined to one muscle, as in the 
patient in Case 18, whose right biceps exhibited 
flaccid paralysis. In some seven cases there 
was an increase in passive tone. The irregular, 
jerky contractions of ataxic muscles incompletely 
relaxed were at first misinterpreted as cog-wheel 
rigidity, until it was found that better relaxation 
abolished it, revealing normal tone. In a few 
patients, however, there seemed a real increase 
in resting tonus. This was most striking in 
Cases 17 and 26, where the neck was so rigid 
that the whole trunk could be lifted by a hand 
under the head. (Lumbar puncture findings 
excluded meningeal irritation as a cause of this.) 

(b) Postural Tone.—This has been analysed 
in terms of the patient’s ability to sustain a 
fixed position of a given limb, or to maintain 
the erect posture. It was almost invariably 
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defective. One of the earliest signs of kuru was 
an inability to stand on one leg. Later in the 
disease, the astasia became more marked, until 
finally the patient could not stand erect even 
with aid, clearly because the antigravity muscles 
were incapable of sustained and harmonious 
contraction. Romberg’s test (accentuation of 
astasia by closing the eyes) often, but not 
invariably, gave a positive result. Similarly, 
the patient with moderately severe kuru might 
be unable to maintain the outstretched arms 
steadily ; they oscillated wildly, and were 
usually dropped in disgust. 


Muscular Weakness 

This was not found easy to assess. In the 
early phase of the disease, there was certainly 
no weakness, either of an upper or of a lower 
motor neuron type. In late kuru, an apparent 
weakness was often seen, but it could often be 
overcome by encouragement. One not un- 
commonly found an inert patient who would 
not move a limb on first command, but after 
repeated orders a motor response of considerable 
strength appeared, albeit slowly mobilized and 
ill-sustained. It seemed likely, however, that 
true motor weakness did occur, at least in a few 
late cases. In Case 18 there was a lower motor 
neuron weakness of the right biceps. In Case 
6 there was an isolated quadriceps paresis, while 
in Cases 2, 3, 5, 14 and 20 similar pareses were 
suspected. It may well be that in the later 
stages there was also a cortico-spinal (pyramidal) 
weakness. The reflex changes did suggest this, 
though not decisively. If present, it was not 
manifest early or severely. (This is surprising, 
since autopsy studies (Fowler and Robertson, 
1958) have shown marked degeneration in the 
cortico-spinal tracts.) 


Reflex Changes 

(a) Tendon Jerks—In moderately advanced 
cases these were usually exaggerated, though 
Zigas and Gajdusek (1957) state that in the very 
earliest cases they are normal. The hyper- 
reflexia was sometimes very brisk, with ankle 
and even knee clonus, finger flexion etc. The 
jaw jerk, however, was seldom so brisk. These 
signs naturally suggest an early pyramidal lesion, 
but the tendon hyperreflexia was unaccompanied 
by weakness, spasticity or constant extensor 
plantar responses, and the abdominal reflexes 
were sometimes intact. Later in the evolution 
of the disease the tendon jerks, especially the 
ankle jerks, were usually depressed. The 
depression, was often capricious, however, and 
strongly supported the hypothesis of anterior 
horn cell damage. Thus, in Case 18 the biceps 
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jerk was absent and replaced by an inverted 
triceps jerk. In Cases 3 and 6 the knee jerks 
were depressed more then the ankle jerks ; this, 
however, was the reverse of the usual state. 


(b) Cutaneous Reflexes—The abdominal re- 
flexes were absent or greatly depressed in 16 
cases, more or less normal in 10 and very active 
in one early case (Case 13) in which the patient 
exhibited some exaggeration of tendon jerks, 
without clonus. The cremasteric reflexes were 
often preserved, even in the absence of the 
abdominal reflexes. 


(c) The Plantar Reflexes——A really well- 
marked Babinski sign, with fanning of toes, was 
not seen in any patient believed to suffer from 
kuru. Nevertheless, it seems incorrect to say, 
as has been done (Zigas and Gajdusek, 1957), 
that the plantar reflexes are invariably flexor. 
In 24 patients they were recorded as flexor, in 
four as weakly extensor, and in three as absent 
or indeterminate. Neither the extensor nor 
even the flexor responses were easily obtained, 
the thick sole of the native making it necessary 
to use a very strong stimulus. Many apparently 
normal natives, mostly but not exclusively Fore, 
were tested as controls. Frank flexor responses 
were not always obtained ; indeed, a weak but 
consistent extensor movement was occasionally 
found in individuals who showed no other sign 
of neurological disease. 


Muscular Wasting 
Selective wasting was not a prominent feature. 


MENTAL CHANGES 


Next to motor phenomena, the most striking 
changes were in the spheres of mood and 
personality. For obvious reasons the present 
authors found these difficult to assess, and can 
only offer impressions gained by observation. 


Pathological Smiling and Laughing 

There was a very definite tendency to patho- 
logical smiling and laughing. This was present 
in 14 patients. As a rule it would appear in 
response to some external event, e.g., another 
patient falling over. Other natives would 
preserve gravity ; the victim of kuru would give 
a sustained over-demonstrative smile, and might 
laugh. It is very doubtful, however, whether 
this forced smiling is indeed accompanied by a 
true euphoria. The phenomenon has certainly 
been observed in circumstances which would 
suggest that the hilarious expression is not a 
reflection of the actual mood. 


It must be emphasized that this ‘‘ euphoria ”’ 
is not an invariable finding. At least four 


patients displayed a sad dignity that was rather 
moving. They seemed neither unreasonably 
depressed nor euphoric. 


Pathological weeping was not seen. The Fore 
people do not seem to weep any more or less 
easily than the average Australian. But six or 
seven patients manifested a depressive, rather 
paranoid reaction. This was observed most 
plainly perhaps in Cases 9 and 15. 


General Dementia 


It is uncertain to what extent these disturb- 
ances in mood are paralleled by general dementia. 
Gajdusek (1958) considers that such dementia is 
slight only. He has demonstrated that patients 
in very advanced cases, seeming mute and 
inaccessible, may still obey orders intelligently, 
or even give evidence of awareness of past events 
and present situation. He points out that in 
earlier cases the patients may care lovingly for 
their children, and immodest behaviour, public 
incontinence and similar aberrations are not 
seen. He draws an analogy with rabies, where 
the motor incapacity gives a false impression of 
mental clouding. On the other hand, Berndt 
(1958) considers that aberrant behaviour and 
sexual promiscuity are prominent features of 
kuru in the early stages. 


In the present investigation the impression 
was gained that in very advanced cases there 
was some dementia. Perseveration in speech 
and thought was noted. But only intimate 
knowledge of the language and the application 
of appropriate intelligence tests will resolve this 
question. 

Dysphasia 

Dysphasia could not be excluded with our 
imperfect technique of examination. However, 
there was never any failure to comprehend 
orders that was not explicable by the language 
barrier, or in late cases by incapacity and 
probable dementia. There was no suggestion of 
any struggle for words or irritation by a block 
in speech or thought. The reference to 
dysphasia by Zigas and Gajdusek (1957) appears 
to be erroneous (Gajdusek, 1958). 


CRANIAL NERVES 


The statement that the cranial nerves are 
unaffected (Zigas and Gajdusek, 1957) requires 
qualification. The basic incoordination des- 
cribed above does not spare the striated muscles 
innervated by cranial nerves. But certainly 
signs of nuclear or infranuclear affection were 
lacking, and the cranial nerves subserving 
special and common sensation appeared intact. 











Olfactory Nerves 


The olfactory nerves were not studied compre- 
hensively, but no evidence was obtained of any 
gross disorder. 


Optic Nerves 


No sign of visual impairment, including colour 
vision, was detected in the cases examined. 
Optic fundi were carefully examined in nearly 
every case, sometimes under atropine dilatation. 
No abnormality of the disc, and especially no 
optic atrophy, was seen. In the retinal 
periphery of four patients one observer (H.L.) 
saw some small translucent granules, likened by 
him to miniature choroidal tubercles. These 
were seen also in at least one normal subject. 
The significance of this finding remains obscure. 


Oculomotor, Trochlear and Abducent Nerves 


In 23 patients there was very evident ataxy of 
the extraocular muscles, seen as an irregular 
jerking on conjugate gaze or even on con- 
vergence. Usually it was unsustained, but in 
at least one instance (Case 18) it was regular 
enough and sufficiently prolonged to merit 
designation as nystagmus. 

It seems likely that these nystagmoid jerks 
are the ocular counterpart of the ataxic tremors 
seen in the limbs, and both alike express the 
incoordination of cerebellar deficit. This was 
well seen in Case 12, where labyrinthine 
nystagmus was artificially elicited by caloric 
testing. The response was irregular in rhythm 
and amplitude, and even at times showed 
incongruity of visual axis. 

In 12 patients, mostly with advanced kuru, 
strabismus was seen. When present, this was 
inconstant from moment to moment, and 
apparently resulted from tonic convergence 
spasm. This strabismus was not thought to 
be due to paralysis of muscles or of conjugate 
movements. The pupillary reactions to light 
and to convergence were normal in all cases 
tested. 


Trigeminal Nerves 
The sensory component of the trigeminal 
nerves was found intact whenever tested. The 
muscles of mastication were, on balance, less 
affected than any other major muscle group, but 
in advanced cases the masseters were sometimes 
slow to relax and the jaws hard to open. 


Facial Nerves 


No facial paresis was ever seen. The very 
remarkable forced smiling has been described 
above. In several cases a marked, symmetrical 
facial tremor was seen on voluntary grimacing. 
It usually affected the orbicularis oris, but in a 
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few cases was seen also in the orbicularis oculi 
and frontalis. This was regarded as identical 
with the “kuru” tremor seen in antigravity 
muscles, though of finer amplitude and faster 
rate. 


Taste 
Taste was not tested. 


Glossopharyngeal, Vagal and Accessory Nerves 


No weakness of the palate or of the trapezius 
and sternomastoid was seen. But the muscles 
of articulation and deglutition were very 
certainly affected, in function if not in strength. 
Dysarthria was evident in 18 cases, and may 
have been present in several others. There was 
nothing explosive in this dysarthria, nor was it 
“‘sea-lion speech”’; it consisted of marked 
slowing and slurring with separation of syllables. 
Dysphagia was observed in terminal cases. 
Difficulty occurred with solid food, even pre- 
masticated, but not with fluids. However, no 
laryngeal or nasal regurgitation, nor the tracheal 
rattle of a bulbar palsy, was observed. 


Hypoglossal Nerves 
The tongue sometimes showed a trombone-like 
tremor when protruded. 


Auditory Nerves 
(a) Cochlear Division.—There was no evidence 
of deafness, even in advanced cases. 


(b) Vestibular Division.—It has been noted 
that the disturbances of gait and stance do not 
suggest a primary vestibular lesion. Caloric 
tests were carried out in Cases 12 and 18. In 
Case 12, irrigation elicited an ataxic, coarse 
nystagmus appearing in 20 to 40 seconds and 
persisting for 150 to 180 seconds. In Case 18, 
the response was bizarre—a sustained tonic 
deviation of eyes towards the side stimulated. 
This was constantly the response and was 
thought to be an uncorrected labyrinthine 
response. 


SENSATION 


Despite the difficulties in testing, the authors 
are reasonably sure that sensory loss is not a 
prominent feature of kuru. Where intelligent 
cooperation was given, one could test two-point 
discrimination (both on fingers and feet), light 
touch with von Frey hairs, appreciation of 
pinprick and, crudely, position sense. All were 
intact. Even in deteriorated cases, the absence 
of any gross loss of pain sense could be con- 
fidently asserted. Temperature sense was 
normal in the few cases tested. Some loss of 
posterior column sense in advanced cases 
cannot, however, be excluded. 
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AUTONOMIC NERVOUS SYSTEM 


Signs of sympathetic or parasympathetic 
disorder were not seen. Sphincteric incon- 
tinence occurred in late cases, presumably as a 
manifestation of physical debility and perhaps 
also of mental deterioration ; but, as far as is 
known, these functions were intact in earlier 
cases. 


GENERAL EXAMINATION 


A very detailed medical examination of the 
other systems was performed. No constant 
or significant abnormalities were found. It is 
worth noting that no changes suggestive of 
endocrine disorder were seen. 


OTHER EXAMINATIONS 


Cerebro-spinal fluid was examined in Cases 15, 
17 and 18. The findings, including colloidal 
gold curves, were entirely normal. Blood and 
urine samples were obtained from all kuru 
patients examined, and also from a group of 
non-affected Fore natives. These samples were 
examined at the Institute of Medical and 
Veterinary Science, Adelaide, for protein and 
amino-acid content. Considerable technical 
difficulties were encountered because of 
hemolysis of blood and decomposition of urine, 
but no significant differences could be detected 
between the affected and the non-affected 
groups. In both groups the urine amino-acid 
content was above the normal for Europeans, 
but the distribution on chromatography did not 
appear to be abnormal. 


CLINICAL COURSE 


Zigas and Gajdusek (1957) describe the disease 
as “‘unrelentingly progressive with continuous 
and uninterrupted deterioration’. The present 
authors consider that this requires some 
qualification. Apart from the variations in 
neurological detail described above, a strong 
impression has been gained that, in any 
individual case, the speed of progression may 
vary from time to time. For example, in Case 
4 the disease began at the beginning of 1957, 
the patient becoming pregnant at about the 
same time. There was apparently fairly rapid 
deterioration for the first three months or so. 
However, when she was seen by one of us 
(H.N.R.) in late October, 1957, shortly after she 
had produced a normal child by normal labour, 
the state of kuru was very similar to that 
recorded six months earlier (Zigas, 1958). When 
this patient was again seen (D.S.) in late 
December, 1957, the disease had advanced 
considerably in the intervening period. 

In Case 5 the patient gave a history of onset 
about February, 1957, and was seen in October 


(H.N.R.) and again in December (D.S.) of that 
year. Although she was now in the tenth 
month of the disease, she was still ambulant, 
and the disease appeared to be only moderately 
advanced. 

A most important question is whether this 
disease is uniformly fatal, or whether recovery 
can occur. Four patients were seen (Table II) 
in whom recovery from kuru is said to have 
occurred. All were adult females. In Case 28 
the alleged kuru was not seen by any medical 
observer. In Cases 29 and 30 the patients had 
previously been examined medically (Zigas 1958) 
and judged to be suffering from early kuru, but 
showed no neurological abnormality when seen 
subsequently. In the fourth instance (Case 31) 
two previous attacks were claimed, early features 
of kuru were medically noted in November, 
1957, and these were still present, though 
unchanged, when the patient was re-examined 
in January, 1958. From these limited observ- 
ations, no firm conclusion can be drawn, but it 
can be stated that all four women showed an 
unusual lability of mood, and that none had 
demonstrated physical signs which were not 
capable of being reproduced by hysterical 
mimicry. It would be most surprising if 
hysteria simulating kuru did not occur, having 
regard to the dominating role which this disease 
must play in the lives of the Fore people. 
Indeed, Berndt (1958) stresses the psycho-social 
aspects of kuru among these people and considers 
that such factors may be concerned in the 
production of the actual disease. 


COMMENT 


From the standpoint of neurological study, 
kuru presents itself as a disorder initially and 
predominantly of the cerebellar cortex. The 
clinical evidence of this is overwhelming. Other 
extrapyramidal, and it may be reticular, centres 
are also affected. In a moderately advanced 
case, one has the impression that the basic spinal 
reflex arc has lost nearly all its supraspinal 
coordination and integration, though remaining 
under voluntary, presumably pyramidal, control. 
Muscular tone is not abolished, nor is spinal 
reciprocal innervation lost, but kinetic and static 
muscular function are alike impaired by the 
jerky, unbalanced uncoordinated performance 
of the muscles concerned. This applies equally 
to agonists, antagonists and fixational muscles. 
The involuntary movements can be explained 
in these terms ; the “ kuru tremor ”’ in particular 
can be imagined as an undamped reverberating 
or feed-back circuit. The spinal motor neurons 
innervating intrafusal muscle fibres, influenced 
reflexly by stretch receptors, are now considered 
of basic importance in regulation of tone; and 
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oscillating discharge of these, potentiated by 
voluniary innervation, offers a plausible 
explanation of the tremor. 

Latterly, the anterior horn cells themselves 
are affected by the disease, and the integrity of 
the spinal stretch reflex itself is threatened. 
However, under existing conditions, the signs 
of this process rarely become evident, as the 
patient does not survive sufficiently long. 
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III: 


PATHOLOGICAL FEATURES 


IN FIVE CASES! 


MALCOLM FOWLER? AND E. GRAEME ROBERTSON? 


From the Pathology Department, Adelaide Children’s Hospital, and the Department of Neurology 
and Neurosurgery, Royal Melbourne Hospital 


SUMMARY 
Five brains and two spinal cords together with various pieces of viscera from kuru patients have been 
examined. There was widespread atrophy of neurons in the central nervous system. The affected cells 
were shrunken and often vacuolated. The structures most prominently involved included the cerebellar 
cortex (particularly the vermis and flocculo-nodular lobe), the dentate nucleus, thalamus, corpus striatum, 


globus pallidus and parts of the cerebral cortex (particularly the anterior central gyrus). 


In the two 


spinal cords, degeneration of the spiro-cerebellar and lateral cortico-spinal tracts was found. Most of the 
cranial nerve nuclei were spared, and the substantia nigra was minimally involved. No evidence of an 
infective cause was discovered. Other organs, apart from the central nervous system, showed no significant 


changes. 


IN a series of papers, Zigas and Gajdusek 
(1957) and Gajdusek and Zigas (1957, 1958) 
described the disease kuru which occurs in the 
Fore natives of New Guinea. They noted 
widespread neuronal degeneration, but at the 
time of writing the pathological changes have 
not been detailed. 


MATERIAL 


In two cases the brain, spinal cord and 
numerous other tissues were examined, while in 
three other cases the brains only were available. 
Fixation of the nervous tissue in formol saline 
was excellent, but owing to tight packing into 
bottles of fixative, some of the other tissues had 
undergone advanced autolytic changes. As 
pieces of brain in several instances had been 
removed for analysis for trace metals, it was not 
always possible to prepare sections representing 
completely all parts of the brain. Both paraffin 
and celloidin embedding methods were used, the 
sections being treated by a wide range of 
staining methods. Frozen sections were used 
to demonstrate lipoid substances and for the 
various metallic impregnation techniques. 


CLINICAL RECORDS 


Case I. 

This case history is based on notes kindly supplied 
by Dr. D. C. Gajdusek. The patient, called Asisi was 
a male, aged 11 years. When he was first examined 
he had been ill for four months; his mother had 
developed kuru before him and was still alive. On 
first examination of the patient on June 28, 1957, his 
general development and nutrition were normal, but 


1 Received on October 7, 1958. 
2 Pathologist, Adelaide Children’s Hospital. 
*’ Honorary Neurologist, Royal Melbourne Hospital. 
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he had a marked tremor and blurred speech. He was 
so ataxic that he could stand only with support, and 
he showed much incoordination in performing the 
finger-nose and heel-shin tests. There were no 
abnormal eye signs and no atrophy or weakness was 
demonstrable in his muscles, but his reflexes were 
diminished. The cerebro-spinal fluid contained no 
cells and gave a negative response to the Pandy test. 
The erythrocyte sedimentation rate was 10 millimetres 
in one hour. Blood examination revealed 5,250,000 
red cells and 8400 white cells per cubic millimetre ; 
eosinophils numbered 11°5% of the total number of 
white cells. He was given ‘ Tridione’’ for 10 days, 
followed by ‘‘ Antostab’”’ and then “ Perandren’”’, 10 
milligrammes daily, without improvement. The serum 
protein content (August 5, 1957) was 9°25 grammes per 
100 millilitres (albumin 5-8 grammes, and globulin 3°45 
grammes, of which 1-4 grammes were gamma globulin). 


At the end of October he was lying in generalized 
flexion. Nystagmus and ocular nerve palsies could 
not be demonstrated, but conjugate movement of the 
eyes was impaired. The pupils reacted poorly to light, 
but accommodation was present. The other cranial 
nerves and the fundi oculorum were normal. Skin 
sensation was apparently intact, and there was no 
astereognosis. The muscles were not wasted and their 
power was normal. The skin and tendon reflexes were 
all present and normal, except for a sustained ankle 
clonus on the left side. Tremor and incoordination 
were still present. 


In December, 1957, examination of the patient 
revealed paroxysmal smiling, with risus sardonicus. 
Although he looked demented, he obeyed orders well. 
There was a spasmodic internal squint. The corneal 
reflexes were brisk. Dysarthria was marked, and the 
tongue was protruded normally. Hearing was 
apparently normal. Muscle power in the limbs was 
normal, and there was no obvious wasting, but tone 
was increased. He was unable to stand, and there 
was gross ataxia of all movements. Involuntary 
movements included a generalized shaking tremor, 
spontaneous clonic movements of the legs in some 
postures, and occasional movements of the whole 
body said to resemble torsion dystonia. Sensation 
was not assessed at this time. The plantar responses 
were flexor; ankle clonus was present; the knee 
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jerks were brisk. The tendon reflexes in the arms 
were present, slightly increased on the left side. Both 
lower abdominal reflexes were absent. A further 
lumbar puncture produced normal cerebro-spinal fluid. 
He died at the beginning of January, 1958, after an 
illness of about 10 months duration. (This patient is 
included in the series of Simpson ef alii, 1959.) 


Case 2. 

This patient, named Auwatnefa, was a female, aged 
34 years. She had been diagnosed as a kuru sufferer 
by her relatives in late January, 1957, and taken to 
the Henganofi aid post. She walked to the aid post, but 
leaving there after a month she had to be carried home. 
When she was first examined (on December 6, 1957) 
she was in the terminal stage, lying in flexion and 
having decubitus ulcers. There was gross_inco- 
ordination, and when she was disturbed wild 
involuntary movements appeared. Speech was much 
impaired, and she had great difficulty in swallowing. 
Strabismus, more noticeable on the right side, was 
present ; the pupils were equal and reacted sluggishly 
to light. Occasional nystagmoid movements were 
noted. Hearing was apparently unaffected. The 
muscles were rigid. No information about the reflexes 
is available, except that the abdominal reflexes were 
absent. She died on December 15. 


Cases 3, 4, and 5. 
These patients were all females, called respectively, 
Nene, Kinao and Asomeia, and aged 45, 5 and 25 
years. No clinical information is available. 


Autopsy EXAMINATION 


The autopsy on Asisi was performed one hour after 
death by Dr. D. C. Gajdusek and Professor H. N. 
Robson, and that on Auwatnefa to hours after death by 
Dr. Donald Simpson. Apart from general body wasting, 
doubtful slight atrophy of the frontal convolutions 
and possible hypostatic pneumonia no abnormalities 
were noted. The brains of the other three subjects 
were sent by Dr. Gajdusek to the Walter and Eliza 
Hall Institute of Medical Research, but post-mortem 
records are not available. 


Microscopic Examination 


In one case degeneration of the juxta-glomerular 
portion of the convoluted renal tubules was consistently 
present. The epithelial cells here were swollen with 
strongly eosinophilic P.A.S.-positive hyaline droplets 
and bulged into the glomerular space. (These changes 
have been discussed at length by Lynch, 1957, who 
found such a distribution of degeneration most 
commonly associated with paralytic ileus and 
peritonitis.) Much fat had accumulated in the liver 
cells. In the other case some collapse and anthracosis 
were present in the lungs, there were a few small 
round worms (unidentified) in the stroma of the 
pancreas, and a piece of psoas muscle showed much 
irregularity in size of its fibres and replacement by 
adipose tissue. In both cases the spleen contained 
many plasma cells in the red pulp. Sections of 
humerous other tissues, including the sciatic nerve 
and sympathetic chain in one case, revealed no 
abnormalities. 

Central nervous _ system.—The most conspicuous 
change was a widespread neuronal degeneration 
affecting the cell body, which exhibited various degrees 
of shrinkage or, much less commonly, swelling. In 
the case of the shrunken cells, the Niss] substance was 
reduced in amount or absent, but could sometimes be 
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seen as coarse streaks or clumps at the periphery of 
the cytoplasm. In addition, the rest of the cytoplasm 
was strongly basophilic, staining purple with hema- 
toxylin and eosin. The nucleus was often shrunken 





FicureE I 
CaseI. Shrunken, densely staining neurons 
in Lamina V of the anterior central gyrus. 
(Hematoxylin and eosin stain, x 350) 





FicureE II 
Case I. A shrunken Purkinje cell with an irregular- 


shaped pyknotic nucleus. (Hematoxylin and eosin 
stain, X 500) 


and irregular in shape, and was less vesicular than 
normal. In the most severely shrunken cells the nucleus 
was often so pyknotic that it was barely distinguishable 
from the basophilic cytoplasm (Figures I and II). A 
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few neurons showed nuclear reduplication. A further 
striking abnormality was the presence of vacuolation 
in the cytoplasm of many neurons. This was sometimes 
fine and peripheral, giving a nibbled appearance to the 
cell’s outline ; but often the whole cell was distorted 
by large vacuoles, so that it came to resemble a group 





Figure III 


Case I. Three degenerating cells, one coarsely 
vacuolated in the dentate nucleus. (Hematoxylin and 
eosin stain, xX 350) 





FicurE IV 


Case I. Coarse peripheral vacuolation in a cell of the 
dentate nucleus. (Hematoxylin and eosin stain, 
X 350) 


of bubbles with the cell squeezed centrally between 
them (Figures III and IV). These vacuoles contained 
no stainable material. Large round empty spaces 
were seen in some nuclear groups, and these were 
presumed to indicate the site of vanished cells. In 
some cells swelling and chromatolysis had occurred 
without any evidence of basophilia, and such cells 
occasionally contained vacuoles (Figure V); but this 


association of degenerative manifestations was much 
less frequently encountered than that described above, 
It was not absolutely certain that these vacuoles were 
actually intracellular, as it is possible that the cells 
were distorted by vacuole formation in their immediate 
surroundings. 

Together with this cellular vacuolation, a similar 
change undoubtedly originated in the ground substance, 
and that this did not represent the position of 





FIGURE V 


Case I. A swollen, coarsely vacuolated anterior horn 
cell. (Nissl stain, x 350) 


degenerated neurons was clear from the number of 
vacuoles present and the absence of a corresponding 
neuronal outfall. In some cases lipofuscin pigment 
had accumulated in large amounts in the cytoplasm 





FicurE VI 


Case II. Degeneration of lateral columns in the 
lumbar region of the spinal cord. (Weil stain, x6) 


of otherwise damaged cells. Affected grey matter 
often contained increased numbers of astrocytes, 
frequently of the gemistocytic type, but glia fibrils 
were less obviously increased. 
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The white matter in sections stained for myelin 
showed areas of pallor of tract distribution related to 
damaged nuclear areas, but there was no perivascular 
demyelination. In fibre tracts showing advanced 
degeneration, astrocytes and microglia were often 
plentiful, the microglia containing sudanophilic lipoid, 


and there were also birefringent crystals in both ~< 











Ficure VII 


Case I. Degeneration of lateral columns in the upper 
and mid-cervical regions of the spinal cord. (Weil 
stain, x6) 


microglia and the degenerating sheaths. In some 
degenerated tracts, although no stainable simple lipoid 
was demonstrated, the remaining myelin sheaths were 
more strongly birefringent than normal. Axons had 
disappeared from the most severely affected areas, and 
those remaining were grossly swollen, but tortuosity 
and beading were not conspicuous. 


Neuronophagia, as applied to the cell body, was 
never seen, apart from the not strictly relevant 
phagocytosis of liberated melanin pigment in the 
substantia nigra and locus cceruleus. An occasional 
blood vessel was surrounded by a single layer of 
lymphocytes. In one case there was mild patchy 
collagenous thickening with slight focal lymphocytic 
infiltration of the pia. In another case capillary 
proliferation was present in the inferior colliculi and 
mammillary bodies. Apart from these inconstant 
changes, there was no evidence of any vascular or 
cellular response to recall the changes found in infective 
conditions of the nervous system. No intracellular 
inclusion bodies, bacteria, fungi, or other parasites were 


discovered. No significant pathological differences 
could be observed between the two age groups, although 
the most severe lesions were found in one of the children. 


In the two spinal cords striking changes were found. 
The lateral cortico-spinal tracts were severely demye- 
linated, in one case throughout the cord. In the other 
case the changes were most marked in the lumbo- 
sacral region (Figure VI), and barely perceptible in the 
cervical region. In both cases the dorsal spino- 
cerebellar tracts were degenerate, with lesser, more 
inconstant, though unequivocal changes in the ventral 
spino-cerebellar tracts (Figure VII). In one case a 
small bundle of degenerated fibres in the position of 
the vestibulo-spinal tract was present bilaterally in the 
cervical part of the cord; but this was less obvious 
at lower levels, where there was generalized mild pallor 
of the anterior columns. The posterior columns were 
on the whole normal, although a mild pallor of the 
fasciculus gracilis was sometimes seen macroscopically 
in sections stained for myelin. The large motor 





Ficure VIII 


Case I. Disappearance of Purkinje cells from a short 
length of lateral cerebellar cortex. (Haematoxylin and 
eosin stain, x 130) 


cells of the cervical and lumbo-sacral expansions were 
largely spared, an occasional cell exhibiting swelling, 
central chromatolysis and vacuolation (Figure V). 
However, the dorso-medial group of smaller motor 
cells in the anterior horns showed much degeneration. 
The neurons of the posterior horns were often extremely 
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shrivelled, but not vacuolated. In both cases Clarke’s 
column was severely damaged, only one or two shrunken 
cells being recognizable in one case. The intermedio- 
lateral column also participated in the degenerative 
process, but there was no obvious cell loss. 


Cerebellum.—All the various types of nerve cell were 
diseased. The Purkinje cells were reduced in number 
in all cases, in two severely and in one slightly, and 
those stil! left either showed mild swelling and 
peripheral vacuolation or, less commonly, were 
shrunken (Figure VIII). Numerous “ torpedo” 
expansions had formed on their axons (Figures IX and 
X). Accompanying these more obtrusive changes in 





Figure IX 


Case II. ‘‘ Torpedo’’ expansions on the axons of 
Purkinje cells. (Hzmatoxylin and eosin stain, x 350) 


the Purkinje cells were universal shrinkage and pyknosis 
in the small neurons of the molecular layer (Figure 
XI), and in the Golgi cells of the granular layer. Many 
of the latter had disappeared. In the lateral lobes 
degeneration of the granule cells was mild and less 
convincing except in two cases, in which numerous 
pyknotic nuclei, much smaller than the nucleus of a 
normal granule cell, were found. 

In three of the brains, lesions in the vermis and 
flocculo-nodular lobe were more advanced than those 
in the lateral lobes. Here loss of granule cells was no 
longer in doubt; in fact, they had suffered relatively 
more than the other elements of the cerebellar cortex 
(Figure XII). Large vacuolar spaces containing the 
spidery remnants of Purkinje cells were more numerous 
(Figure XIII), and similar empty vacuoles were present 
in the molecular layer. ‘‘ Torpedo ’”’ bodies were often 
scanty in the vermis and flocculus. 


The basket and tangential fibres were well-preserved. 
The dendrites of the remaining Purkinje cells, apart 
from some thickening, did not seem affected. In a 
few areas, small round acidophilic acellular bodies of 
fibrillary structure were found in the outer molecular 
layer ; these were thought to be related to Purkinje 
cell dendrites, but they could not be impregnated with 
any of the silver methods. A similar but smaller 
ill-defined fibrillary mass was frequent in the granular 
layer, probably representing a change in the mossy 
fibres. The occurrence of these ‘ asteroid bodies” in 
various conditions of cerebellar degeneration has been 
discussed by Scholz (1957) and ascribed to regenerative 
phenomena. 

Bergmann’s glia was moderately increased, and in 
some cases astrocytic proliferation and loss of myelin 
were evident in the white matter of the folia. In two 
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FIGURE X 


Case II. A ‘‘torpedo”’ expansion in the granular 
layer of the cerebellar cortex. (Bielschowsky stain, 
X 290) 


cases microglia containing sudanophilic lipoid were 
distributed in small groups throughout the molecular 
layer. 

The dentate nucleus was damaged in all cases 
(Figures III and IV). In one case (Asisi) many cells 
had disappeared, and there was much myelin loss from 
the hilus. In three cases cell loss was mild, and in the 
other none was thought to have occurred. The cells 
remaining showed severe changes in three cases, 
moderate in two. Although many of the neurons in 
this nucleus presented a shrivelled appearance an 
almost equal number were greatly swollen, the cyto- 
plasm appearing finely granular. In one case the 
emboliform and fastigial nuclei were examined, and 
damage was found to be severe. 

Brain Stem.—In the case of Asisi, degeneration of the 
cotrico-spinal tracts was traced to the cerebral peduncles 
(Figure XIV), but there was no supraspinal degeneration 
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of this tract in Auwatnefa. In view of the severe 
changes in the dentate nucleus in the brain of Asisi, it 
was not surprising to find that the brachium con- 
junctivum showed evidence of myelin loss ; this tract 





FicgurE XI 


Case I. A pyknotic basket cell. (Haematoxylin and 
eosin stain, Xx 650) 


FicurE XII 


Case I. Degeneration of the granular layer in the 
flocculus. (Haematoxylin and eosin stain, xX 110) 


appeared normal in the other cases. In one case only 
was damage severe enough to have caused loss of cells 
from the inferior olives ; in the rest, mild to moderate 
atrophic changes were found. Although they were not 
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examined in every case, the following nuclei had suffered 
very slight, almost negligible change: the hypoglossal, 
facial, abducens and trochlear nuclei, the dorsal motor 
nucleus of the vagus, the nucleus ambiguus, the motor 
and main sensory nuclei of the trigeminal and the 
nucleus solitarius. It was noticed particularly how 
well the normal appearance of the neurons in the facial 
nucleus had been maintained (Figure XV). Moderate 
shrinking of the cells of the spinal nucleus of the 
trigeminal and of the nuclei gracilis and cuneatus was 
observed. The oculomotor nuclei were identified in 
three instances, changes being very slight in one, 
absent in one and moderate in the other. 

The vestibular nuclei were severely damaged but 
with doubtful loss of neurons in three cases, mildly 
affected in one case and not examined in one. The 
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FicurE XIII 
Case I. Flocculus, region of Purkinje cell layer. A 
large vacuole contains the distorted remnants of a 
neuron, probably a Purkinje cell. (Hematoxylin and 
eosin stain, X 325) 


cochlear nuclei in three cases showed lesions of moderate 
degree ; in two cases they were not represented. The 
superior olives in two cases were moderately damaged. 
The external arcuate cells in two cases were very 
shrunken ; the pontine nuclei were affected in all cases, 
moderately severely im one. There was patchy 
degeneration of variable severity in the parts of the 
reticular formation examined. 

In one case (Asisi) the inferior colliculi had lost almost 
all their neurons and exhibited much capillary and 
astrocytic proliferation. In three further cases damage 
was not so severe, but still striking, and there was 
some milder neuronal outfall; these structures were 
not examined in one case. The superior colliculi in the 
one case in which they were observed had suffered 
much neuronal shfinkage and some loss. Both lateral 
and medial geniculate bodies were involved in two 
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cases, without cell loss, and with moderate neuronal 
shrinkage ; in the other cases they were not examined. 
Changes in the substantia nigra were always mild, 
a few cells in every case having disappeared, leaving 
behind a small collection of microglia containing 
melanin pigment, while the majority of the remaining 
cells looked normal. In the red nucleus, however, 
much more severe degeneration had occurred in all 
but one case, and there was a variable, usually 
moderate, neuronal loss, with increase of astrocytes. 
The locus coeruleus was perhaps more involved than 
the substantia nigra, but this was a point not easy to 
determine. 

Cerebral Hemispheres.—In four cases all the thalamic 
nuclei showed severe neuronal degeneration, mild to 
moderate cell loss and often much gliosis (Figure 
XVI). In the fifth case the one section available 
contained the dorso-medial and lateral nuclei, where 





Figure XIV 


Case I. Mid-brain. Loss of myelin from central 
regions of both cerebral peduncles. (Weil stain, x 3:5) 


there were mild changes. No appreciable variation in 
severity was found in the several parts of the thalamus, 
except that the anterior nucleus was slightly less 
affected by both neuronal atrophy and gliosis. In the 
four cases in which the subthalamic nucleus was 
examined changes were found, very severe in three 
(with cell loss in one), and moderate, without cell 
loss, in one. 

In two cases changes were found in the mammillary 
bodies—mild in one, and moderate with gliosis and 
capillary proliferation in the other. Mild patchy 
changes were seen in the remaining hypothalamic 
nuclei; the supraoptic and paraventricular groups 
were normal in all cases. 4 

The changes in the basal ganglia were obvious, 
but not so severe as those in the thalamus. Nearly 
all the neurons in the various components of the basal 
ganglia were affected in every case, moderately in two 
cases, severely in three cases. Neuronal loss was slight, 


if present at all. Focal areas of astrocytic proliferation 
were present in one putamen. In the caudate nucleus 
and putamen, the larger neurons seemed to have 


FIGURE XV 


Case I. Normal neurons in the facial nucleus. (Nissl 
stain, x 350) 


suffered more severely than the small ones. Vacuolation 
of the ground substance was often prominent in the 
basal ganglia. 





FicurE XVI 


Case II. Pyknotic vacuolated cells in the thalamus. 
(Hematoxylin and eosin stain, x 350) 


The anterior central gyrus was not examined in one 
case, but in the others its appearance was remarkably 
uniform. All the cells, including the Betz cells, of 


























Lamine IV, V and VI were affected, many having 
disappeared, and in one case gemistocytic astrocytes 
were very numerous. Vacuolation of the ground 
substance was confined to these deeper laminz in 
several instances. In one case, although most of the 
Betz cells had disappeared, an occasional perfectly 
preserved example was found. Changes of an incon- 
spicuous type and of much less uniform distribution 
involved the upper laminae. In two cases Lamina 
VI was relatively well-preserved. 

In one case no temporal lobe structures were 
available, but in the others lesions were found there. 
In the hippocampus the layer of pyramidal cells showed 





Figure XVII 


Case I. Hippocampal gyrus. Pyramidal neurons 

showing pyknosis, together with hyperchromatism and 

peripheral vacuolation of the cytoplasm. (Hzmatoxylin 
and eosin stain, x 500) 


moderate patchy change not confined to any sector ; 
the dentate fascia was normal. Damage to the hippo- 
campal gyrus was more marked; in two cases the 
outer layer of pyramidal cells was damaged, and in 
the other two all layers were damaged (Figure XVII). 
In the other gyri of the temporal lobe damage was 
restricted to an occasional pyknotic cell. In two of 
the three cases in which it was examined, the 
amygdaloid nucleus had suffered mild neuronal changes. 

The visual cortex in three cases showed mild damage, 
tending to be more conspicuous in the lower laminae ; 
in one case lesions were confined to the granular 
layer deep to the line of Gennari; and in one case 
sections of the visual cortex were not made. The 
gyrus cinguli was abnormal in all cases, and in two 
cases the lesions were severe and involved all laminae, 


OBSERVATIONS ON KuRU. 





III 23 


but in the others the three superficial laminae were 
spared. Very patchy changes were present elsewhere 
in the cortex. In one case severe but focal degenerative 
changes were found in the superior frontal gyrus, with 
pyknotic changes in the neurons and vacuolation of 
the ground substance in the lower laminae. 

Examination of Eyes. (Report by Dr. Charles Swan). 
—tThe specimens submitted comprised four eyes from 
two patients, named Asisi and Aoga. Unfortunately 
the eyes had been incised before fixation in formalin, 
and in consequence the retine had become detached 
in all four instances. 

The most striking feature on histopathological 
examination was the considerable increase in choroidal 
pigmentation as compared with white people. One 
eye from each patient showed loss of corneal epithelium ; 
in one case it was thought to be an artefact occurring 
during excision ; in the other there was slight round- 
cell infiltration in the underlying substantia propria, 
suggesting exposure keratitis in the terminal stages of 
the illness. In the right eye of Aoga the lenticular 
cortex contained a few minute vacuoles. 

From the initial sections one gained the impression 
that there was a diminution in the number of ganglion 
cells, but as it was realised that these cells vary in 
number at different sites in the retina, further sections 
were cut. These showed normal numbers of ganglion 
cells. 

DIscUSSION 


The type of neuronal degeneration which has 
occurred in these cases approximates most 
closely to that which Nissl (1894) described as 
“chronic cell degeneration”, and which 
Greenfield (1958) classifies as being found in 
various subacute toxic and anoxic conditions 
and in general paralysis of the insane. In 
addition, vacuolation, although not always 
present, was found: sufficiently frequently to be 
considered as an integral part of the patho- 
logical process. The combination of these two 
manifestations of cellular degeneration is 
unusual, and, indeed, little information on the 
occurrence of neuronal vacuolation, apart from 
that found in the cerebral lipidoses, can be 
discovered in the literature. Scholz (1957), in 
his short review of vacuolation in the cytoplasm 
of nerve cells, states that it is rare under 
pathological conditions, and that it is 
particularly associated with shrinkage of the 
cytoplasm. He mentions its appearance in a 
variety of conditions and believes, therefore, 
that it has no special significance. Scholz 
warns against confusing vacuolar change with 
post-mortem or fixation artefacts. In Case I 
the brain was removed one hour after death 
and in Case II, ro hours, and fixed immediately. 
Histologically there was no collateral evidence 
of post-mortem change in any of the brains, 
and many neurons were perfectly preserved 
(see Figure XV). In Case I the vacuolar 
changes were, if anything, more prominent than 
in Case II. (The record of the intervals between 
death and autopsy was not available for Cases 
III, IV and V.) The vacuolation present could 
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be a product of fixation, but if so, it is a very 
good indicator of abnormal cells. 

The absence of any significant inflammatory 
reaction to these changes in the form of blood 
cell infiltration, microglial proliferation or neuro- 
nophagia suggests that the direct participation 
of microorganisms is an unlikely etiological 
factor. The failure to demonstrate inclusion 
bodies is additional, but less significant, evidence. 
Where microglial proliferation was found, it 
was clearly in response to the breakdown of 
myelin in fibre tracts (such as the dorsal spino- 
cerebellar tracts), or in the case of the substantia 
nigra, to the liberation of melanin pigment. 
The rare perivascular infiltration by lymphocytes 
was in no way comparable with that found in 
virus infections of the central nervous system. 
It is very likely that the capillary proliferation 
noted in the mammillary body and inferior 
colliculus in one case (Asisi) is an expression of 
thiamine deficiency resulting from inadequate 
nutrition in the most incapacitating stage of 
the illness. We have no specific record of this 
child’s having had vitamin therapy. 

In describing the topography of the patho- 
logical process, one is open to the danger of 
ever-emphasizing certain aspects, _ being 
influenced by previous knowledge of the clinical 
findings. For instance, the cerebellar damage 
in these cases is admittedly severe; but the 
amount of damage to the dorsal spino-cerebellar 
tracts in the two cases examined is proportion- 
ately much greater, and this observation applies 
to the thalamus in one case. We have been 
constantly reminded, however, of other inherent 
difficulties in assessing the relative degrees of 
histological damage in the various systems. 
The most consistently and severely damaged 
parts in the brain were undoubtedly the 
cerebellar cortex and dentate nucleus, the 
thalamus, the corpus striatum and the anterior 
central gyrus. In the spinal cord, Clarke’s 
column, the dorsal spino-cerebellar tract and 
the lateral cortico-spinal tract were extensively 
involved. Despite this intensification, in some 
areas the process cannot be considered as strictly 
systematic, for most parts of the nervous system 
showed some changes, albeit slight. The large 
pyramidal cells of the anterior horns in the limb 
expansions of the spinal cord and most of the 
somatic and visceral motor nuclei of the 
brain stem were least affected. From a con- 
sideration, therefore, of both the cellular 
abnormality and the topography, one must 
conclude that kuru is a diffuse disease process 
to which there is a wide spectrum of neuronal 
susceptibility. 

Simpson, Lander and Robson (1959) have 
commented on the surprising lack of clinical 





evidence of pyramidal tract involvement in 
view of the findings in the two cases reported 
here. It is possible that these pathological 
observations will be shown to be unrepresent- 
ative when further cases are examined ; but, 
keeping in mind that the clinical manifestations 
in these two cases were not strikingly different 
from the other reported cases, we are inclined 
to believe that this lesion of the cortico-spinal 
tract will be shown to be of significance. The 
absence of classical signs of pyramidal tract 
involvement in any case is not so incongruous if 
one takes into account many recent observations 
throwing doubt on this tract as the only pathway 
for voluntary movements. In some cases of 
Nathan and Smith (1955), section of the 
pyramidal tracts was complete, but plantar 
stimulation produced flexor responses. Bucy’s 
paper (1957) deals with this question at some 
length. The uncrossed portions of the cortico- 
spinal tracts in these two cases showed little 
evidence of damage, except in one, in which 
there was mild diffuse pallor of the anterior 
columns in the lumbar region. In one case the 
cortico-spinal tract above the decussation 
showed complete absence of myelin, and from 
this it must be concluded that the anterior 
cortico-spinal tract was either absent or so 
diffuse in the anterior columns that its 
degeneration was not apparent. 


The clinical prediction concerning the main 
anatomical basis of the disorder (Simpson ¢ alii, 
1959) is amply confirmed by the changes in all 
parts of the cerebellar cortex and in the dentate 
nucleus. In one case, degeneration of fibres in 
the superior cerebellar peduncle was clearly 
demonstrated. Fulton (1949) presented evidence 
suggesting that interruption of this pathway 
plays a great part in the production of cerebellar 
tremor. The tremor in kuru is, however, of a 
finer variety than cerebellar tremor, and 
Simpson ef alii, have suggested an alternative 
explanation in terms of “ undamped reverber- 
ating or feed-back’ mechanisms in the spinal 
reflex arc. The demonstration of more 
advanced changes in the vermis and flocculus 
in three cases is particularly interesting, in view 
of the clinical impression that the ataxia in the 
early phases of the illness is largely due to lack 
of balance, a disability commonly associated 
with mid-line cerebellar damage. 

Both groups of observers have agreed that 
excessive emotional responses are present in a 
significant number of kuru patients, and that 
general dementia, if present at all, is probably 
slight and late in appearance. Definite but 
scattered changes were present in the frontal 
cortex, giving at least some basis for these 








the 
cha 
tha. 


som: ne tin hte ot oh Ge et 





OBSERVAVIONS ON Kuru. III 25 


symptoms ; but the incomplete assessment of 
the cortical damage and the complicating 
changes in the dorso-medial nucleus of the 
thalamus make further discussion of this 
manifestation unprofitable at this stage of our 
knowledge. 

The validity of Zigas and Gajdusek’s (1957) 
original interpretation of the tremor in kuru as 
of parkinsonian type has been questioned by 
Simpson et alii (1959), mainly on the grounds 
that the tremor disappears completely with full 
muscular support, and also because of other 
dissimilarities. The minimal changes in the 
substantia nigra in these cases confirm this 
latter view. Pathological reports on both post- 
encephalitic parkinsonism and paralysis agitans 
indicate that the substantia nigra is the most 
consistently and severely affected nucleus 
(Hallervorden, 1957). 

It remains finally to relate our findings, if 
possible, to other more or less diffuse processes 
affecting the nervous system. Gajdusek and 
Zigas (1957), from their clinical observations, 
believed kuru to be a new disease; Simpson 
et alii (1959) do not attempt to relate the 
disease to other recognized entities. There are 
certain similarities to many other nervous 
diseases, as would be expected; but we can 
find no satisfying evidence of kinship with most 
of them. In the case of manganese poisoning 
(Rodier, 1955), some of the clinical features, 
such as ataxia and emotional outbursts, are 
shared; but these are only _ superficial 
resemblances, for in manganese poisoning there 
is no tremor, rigidity is prominent and there are 
conspicuous prodromal features. In organic 
mercury poisoning (Hunter and Russell, 1954) 
there is marked degeneration of the cortex of 
the lateral cerebellar lobes, together with lesions 
in the visual cortex, but the changes in kuru 
are more widespread than this, and clinically 
there is little resemblance. In one of our cases 
there was some pathological evidence of 
Wernicke’s encephalopathy, and while deficiency 
of other vitamins may have played a limited 
part in the pathological picture in the terminal 
phases in some cases, it is not reasonable to 
suppose, in the case of the known vitamins, that 
systemic evidence of their lack would be entirely 
absent. Gajdusek and Zigas (1958) report no 
improvement on therapy with various vitamins. 

Spinal tract and cerebellar cortical degener- 
ations are found in association with carcinoma 
(Brain et alii, 1951 ; Henson et alii, 1954) ; but 
here the posterior columns are often affected, 
and there is no conspicuous degeneration of 
structures in the mid-brain and hemispheres, 
and in fact the only resemblance is that in both 
conditions the non-specific features of subacute 


cortical cerebellar atrophy are present. From 
the practical point of view, there is as yet no 
reported evidence of any associated disturbance 
in kuru as in the above mentioned, which we 
have arbitrarily selected for comparison. 

The suggestions of Gajdusek and Zigas (1957, 
1958) and of Bennett ef ali (1958), on the 
genetic basis of the disease at the moment supply 
the most satisfactory explanation of kuru. 
Despite the changes in extrapyramidal centres, 
the disease has closest affinities to the already 
heterogeneous group’ of _ spino-cerebellar 
degenerations, in which, however, involvement 
of other systems is becoming more frequently 
reported. 

As a probable genetically determined disease, 
kuru may offer to medical science a unique 
opportunity for the collective study of disturbed 
neurochemistry ; to the administrators of the 
Territory of New Guinea it offers an almost 
certainly unique problem in social and economic 
management. 
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RENAL LESIONS IN SCLERODERMA: CLINICAL AND 





PATHOLOGICAL FEATURES! 


J. D. TANGE? 
From the Department of Pathology, University of Melbourne 


SUMMARY 

The significant renal lesion in scleroderma is a mucoid or loose fibrous swelling of the walls of the 
intralobular arteries involving the entire wall or the intima alone without inflammatory cell reaction ; the 
lumen is substantially narrowed or obliterated. Interference with cortical blood flow leads to necrosis 
and thrombosis of the afferent arterioles and focal infarcts of the cortex. Clinically, these changes are 
mirrored by rapidly progressive renal failure or by severe hypertension or both. Duration of the illness 
is short. Lesions in other organs are infrequent and relatively mild. The clinical features and the renal 
lesions closely resemble those described in malignant or rapidly progressive hypertension. Cortico-steroids 
accelerate the progress of the hypertension or may even determine its appearance. Thickening of the 
basement membranes of the glomerular capillaries is found independently of these arterial lesions. The 
histories of patients showing this glomerular change suggest that it is probably related clinically to the 
occurrence of a trace of albumin in the urine, and that the appearance of albuminuria does not necessarily 
presage the onset of severe hypertension and renal failure. 


PATIENTS suffering from scleroderma may 
die from malnutrition due to alimentary tract 
involvement, pulmonary infection, cardiac 
failure or renal impairment, either singly or in 
combination. The nature and consequence of 
the renal lesions have been emphasized by 
Moore and Sheehan (1952), who also summarized 
the reports then extant. Their description has 
been supplemented by two recent and compre- 
hensive contributions in the American literature 
(Rodnan e¢ alii, 1957; Fisher and Rodnan, 
1958), which stressed the resemblances to 
malignant hypertension. These and _ other 
reports have been tabulated (Table I), and are 
best considered in relation to three patients now 
presented. 


CASE HISTORIES 


Case I. 

K.M., aged 46 years, a housewife, was admitted to 
hospital on April 3, 1956. Three months previously 
her ankles had begun to swell towards the end of the 
day. Burning, tenderness, numbness and swelling 
appeared in the hands and forearms. Breathlessness 
occurred on exertion and palpitation on lying down. 
On examination of the patient, her wrists and fingers 
were swollen, and there was pitting oedema over the 
backs of her hands and around her ankles. Her blood 
pressure was 170/75 mm. Hg. There was no albumin 
in the urine; the hemoglobin value was 7:5 grammes 
per 100 millilitres ; the white cells numbered 7000 per 
cubic millimetre, 44% being neutrophils. The serum 
albumin content was 3:8 grammes, the serum globulin 
content 2-7 grammes and the blood urea content 26 


1 Received on July 16, 1958. 
2 Lecturer. 


milligrammes, all per 100 millilitres. L.E. cells could 
not be demonstrated. X-ray studies with barium 
gave negative results, and the anemia was corrected 
by transfusion. Over the next three months her blood 
pressure rose to 210/100 mm. Hg. and the blood urea 
level to 50 milligrammes per 100 millilitres, though 
there was no albuminuria and the intravenous 
pyelogram showed no abnormality. The skin of her 
hands became thickened, cold and blue. On prednisone 
therapy (15 milligrammes daily) the cedema lessened 
and her hands became more supple; but within three 
months a faint cloud of albumin appeared in the urine. 
Two weeks after this she began to vomit and to have 
bleeding from the uterus. On this occasion ophthalmo- 
scopic examination revealed papilloeedema, retinal 
hemorrhages and exudates. The blood urea level was 
200 milligrammes per 100 millilitres, and she was 
oliguric until she died a week later. 


Pathological Findings—At autopsy, the heart 
weighed 575 grammes, and left ventricular hypertrophy 
and fibrinous pericarditis were present. The lungs 
were congested, and there were bilateral pleural 
effusions. The kidneys weighed 150 and 170 grammes. 
Their surfaces were pale, finely scarred and studded by 
small hemorrhages. The cortex was reduced to some 
five millimetres in thickness. There were a few tiny 
foci of myocardial fibrosis, and patches of fibrinoid 
change in small arteries and arterioles of the adrenals 
and pancreas. The renal cortex contained small 
infarcts, and narrow zones in which normal glomeruli 
were surrounded by shrunken tubules and increased 
interstitial tissue. In some glomeruli there was 
thickening of the basement membranes of the capillary 
loops, in others structureless eosinophilic material was 
often continuous with a similar change in the afferent 
arteriole. The intralobular arteries were swollen, and 
their lumen was reduced by intimal thickening. This 
most often consisted of loose, ragged, concentric, 
interlacing fibres; but sometimes this region was 
rather more homogeneous, showing slight basophilic 
staining ; very few nuclei were present in the thickened 
intima. When the media was not involved, it was 
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distended by the swollen intima. Many afferent 
arterioles were necrotic and brightly eosinophilic and 
similar, though less extensive changes could be seen 
in some arteries. Interstitial tissue was swollen, but 
there was no inflammatory cell infiltration. Some 
tubules were filled with pink material (protein), but 
most were fragmented (possibly post-mortem change). 


Case 2. 

E.F., aged 69 years, was admitted to hospital on 
October 10, 1955. For the past year her hands had 
been stiff, her knees had been painful and her fingers 
had become white or blue in cold weather. Three 
months previously she had bled from the rectum, and 
had subsequently suffered intermittent diarrhoea and 
constipation and large-bowel colic. Food seemed to 
“‘ stick behind her breast bone ’’, and occasionally she 
vomited small amounts after a meal. The skin over 


her hands and cheeks was tight and thickened and her 
fingers were stiff. Her blood pressure was 210/130 
mm. Hg. The apex beat was four inches from the 
mid-line in the fifth left intercostal space, and a triple 
rhythm could be heard. There were crepitations over 
the lower lobes of both lungs. Ophthalmoscopic 
examination revealed bilateral papilloedema, hzemorr- 
hages and exudates. The urine contained ‘‘ one-eighth ” 
albumin ; the hemoglobin value was 8-7 grammes per 
100 millilitres; the white cells numbered 16,000 per 
cubic millimetre, 84% being neutrophils. The serum 
albumin content was 4:5 grammes, the serum globulin 
2:0 grammes and the blood urea content 221 milli- 
grammes, all per 100 millilitres. Occasional L.E. cells 
could be demonstrated. An X-ray film of the chest 
revealed moderate cardiac enlargement and an electro- 
cardiogram flattened T waves. X-ray examination 
with a barium bolus revealed no abnormality. The 


















































TABLE I 
Summary of Findings in the Recorded Cases of Scleroderma with Renal Lesions 
= ARE IP, OD ———— aia pace 
| Renal Lesions 
Age Steroid 
Author Sex | (Years) Therapy Termination . | ( sini om 
(a) | (b) | (c) | (d@) | e) nclassifie 
—s | | = 
| 
Masugi and Ya-Shu (1938) F, 23 — — +) +] +/+] —— 
Talbott et alii (1939) > F, 26 —- Increasing weakness +] + | + | —— ; 
Banks (1941) <n F. 51 -— Pulmonary oedema; con- | + 4 oo aa + | Neutrophil exudate 
vulsions | around some vessels 
Weiss et alii (1943) 2° F. 56 . Cardiac failure + | | —, of renal 
| | | | | parenchyma 
Bevans (1945) ise os F. 36 = Abdominal! pain; vomit- el eit i+] — 
| ing, dehydration | } 
Bevans (1945) a ss) 56 | — | Sudden death | ti +i] + + | —— 
Goetz (1945) ee ey ee oe a Post - operative broncho-| + | + | + | + | 
pneumonia | 
Mathisen and Palmer (1947) | F. 23 —_ Cardiac failure ‘Sa | | + ae 
Platt and Davson (1950) | F. (3) -- Hypertension, cardiac | + | + Necrotizing vascular 
| failure, uremia | | | lesions of the peri- 
| | | | | arteritis type L 
Duffy and Bardsley (1951) M. | 46 — Cardiac and renal failure | a ee + — ——— bi- 
} | } ateral cortical! necrosis 
Lunseth et alii (1951) a See 48 ACTH | Jaundice ; renal failure | | + | + ;—— 
Sharnoff et alii (1951) .. F. 41 Cortisone, | Malignant hypertension; | + | + } j;— 
| ACTH | uremia | | | aa 
Enticknap (1952) | F. | 45 | - Coma | I ee vascular 
} | | lesions 
Moore and Sheehan (1952) mt 54 | - | Oliguria; uremia | + + + | | 
Moore and Sheehan (1952) M. 67 — | —— + + + | 
Moore and Sheehan (1952) | a 38 . | Oliguria; uremia | + + + | . : , ' 
Beigelman et alii (1953) .. | M. | 37 ACTH! | Malignant hypertension ; | — fibrosis 0 
| | 4 , > | i nr 
| pulmonary oedema. kidneys 
Beigelman et alii (1953) .. | F. 31 ACTH | Cerebro-vascular accident | oa | | - ' 
Beigelman et alii (1953) .. F, 34 —— Pulmonary oedema | | + + | Eosinophilic swelling of 
© i | | arteriolar walls 
Beigelman et alii (1953) .. | F. | 41 | Pneumonia | + | | = areas of cortical 
| | | | | | fibrosis 
Beigelman et alii (1953) .. | M. | 43 Cortisone! — failure; sudden + | | | 
| | deat : . | | 
C.P.C. (1953) an _ M 49 Cortisone! | Hypertension ; renal failure}; + | + | + + | 
Bagnall and Robinson (1954) F. | — | ACTH | — encephalo- | | + 
| | | pathy , | | 
Bartels +t alii (1955) 5 Fr i 6¢ | ACTH Malignant hypertension; | + + 
uremia | | 
Bauer (1955) os a M. | 50 ;— — failure sudden | | | os 
| | ea | 
Calvert and Owen (1956) me 57 | Cortisone, Renal failure : | + + + + 
Case Records of the Massa- F, | 57 —— Malignant hypertension; | + | + + + | | 
chusetts General Hospital renal failure | 
(1956) | 
Rodnan et alii (1957) ps M. 66 Hypertension ; pulmonary | | +i +i]+ } 
cedema; renal failure | 
Rodnan et alii (1957) we F, 44 — cor- | Weakness; sudden death | +i] + 
isone } | 
Rodnan et alii (1957) * F, 26 Cortisone' Hypertension ; renal failure| + | + + + } 
Rodnan et alii (1957) “ M. 50 aon Hypertension ; renal failure | + | + + | 
Rodnan et alii (1957) ae F, 45 Cortisone — hypertension ; +] + + | ao 
renal failure | | | 
Rodnan et alii (1957) .. F 47 Cortisone' Malignant hypertension; | + a er es 
renal failure - | | | 
Kincaid-Smith et alii (1958) F, 38 ed Malignant hypertension ; | a | +i +i t+ | 
renal failure | | | 























1 Therapy not considered to modify the natural history of illness. 


(c) Necrosis of arteries or arterioles. (d) Necrosis of glomeruli. 


(a) Cortical infarcts. (6) Intimal thickening of intralobular arteries. 


(e) Thickening of basement membrane of glomerular capillaries. 
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patient developed pulmonary cedema, oliguria and 
terminal anuria, and died within ten days of her 
admission to hospital. 

Pathological Findings.—At autopsy, small bilateral 
pleural effusions were found ; the lungs were cedematous 
and showed patches of consolidation. The heart 
weighed 310 grammes, and there was nodular thickening 
of the free border of the mitral valve. The mucous 
membrane of the cesophagus was flattened and thin. 
The kidneys each weighed 50 grammes. Their surfaces 
were granular and their cortices measured less than five 
millimetres in thickness. Microscopic examination 
revealed thick, avascular collagen in the dermis, a 
relatively normal myocardium, bronchopneumonia, 
thinning of the oesophageal muscle and a few necrotic 
arterioles in the pancreas. In the kidney there were 
many small cortical infarcts. The surviving glomeruli 
showed thickening of their capillary basement 
membrane. The intralobular arteries were swollen 
and thickened, and their lumina narrowed by a loose 
fibrous network. They also showed focal deposits of 
eosinophilic necrotic material, though much less 
extensively than the afferent arterioles. Many of the 
damaged vessels were thrombosed. The interstitial 
tissue had increased in amount, but there was no 
inflammatory cell infiltration. The tubules were 
extensively disorganized, principally by post-mortem 
change. 

Case 3. 

M.S., aged 36 years, was admitted to hospital on 
December 13, 1951. Eighteen months previously she 
had begun to notice pain in the knees, stiffness of the 
hands and soreness of the hands and feet. She suffered 
cramps in the arms during the night and found that 
her hands were cold and white in the morning. There 
had been some retrosternal pain on swallowing, but no 
dysphagia. The skin of the hands and arms was tight, 
dry and scaling, and there were small ulcers over the 
fingers. Her blood pressure was 125/85 mm. Hg. 
Occasional crepitations were heard at the lung bases. 
The hemoglobin value was 15 grammes per 100 milli- 
litres ; the white cells numbered 7600 per cubic milli- 
metre ; there was no albumin present in the urine ; 
and an X-ray film of her chest revealed no abnormality 
The skin lesions spread to her face, chest, abdomen 
and thighs, though some subjective improvement 
followed a course of hydroxyphenylcinchoninic acid. 
Her final admission to hospital took place on May 27, 
1952. She had then been vomiting food and mucus 
and coughing up white frothy sputum for four weeks. 
Her blood pressure was 170/95 mm. Hg., and rhonchi 
could be heard throughout both lungs. The urine was 
free from albumin. She received 1500 milligrammes 
of cortisone over 13 days, and three days afterwards 
developed albuminuria and a severe throbbing frontal 
headache, at first on the left side, later bilateral, and 
then blurring of vision. The blood pressure had risen 
to 210/95 mm. Hg. The blood urea content was then 
126 milligrammes per 100 millilitres. Blood-stained 
cerebrospinal fluid under a pressure of 300 millimetres 
of water was obtained on lumbar puncture. Two days 
later, after an epileptiform fit, she became unconscious 
and died. 

Pathological Findings—At autopsy two small 
bilateral pleural effusions were found. The lungs 
were congested ; the heart was normal in size. The 
kidneys weighed 160 and 150 grammes. Their surfaces 
were granular ; numerous white nodules one millimetre 
in diameter were studded throughout the cortex: The 
cortex and medulla were well demarcated, and there 
were small linear hemorrhages in the medulla. There 
was a small subarachnoid hemorrhage in the region of 
the left frontal cortex, and an area of hemorrhage 


three centimetres in diameter in the right frontal 
cortex. The cerebral vessels were normal. The 
epidermis was thin, and there was thick, avascular 
collagen in the dermis. A few small vessels in the 
pancreas were necrotic. There was no myocardial 
fibrosis. There were small infarcts throughout the 
renal cortex, some of which were ringed by collections 
of round cells. An _ occasional glomerulus was 
completely sclerosed. The others showed endothelial 
cell proliferation or thickening of the basement 
membrane of their capillaries. The intralobular 
arteries showed considerable swelling and intimal 
thickening, and their lumina were much reduced. 
The intima was sparsely cellular, and either mucoid or 
fibrous. The media showed similar changes or was 
stretched by the intimal swelling ; some arteries were 
thrombosed. Occasional arterioles and glomeruli 
showed foci of fibrinoid change. The interstitial tissue 
was increased, particularly in areas where the tubules 
were atrophic. Many tubules contained eosinophilic 
material. 





FicurE I 


Case I. Photograph of the kidney. The capsule 

has been stripped, a finely granular surface being left. 

There are tiny hemorrhages on the surface and in the 
substance of the cortex 


PATHOLOGICAL CHANGES 

The kidneys are characteristically pale, and 
small hemorrhages are dotted through the 
cortex or disposed between the tubules in the 
medulla (Figure I); sometimes small infarcts 
may be discerned. It is unusual for the kidney 
to be much reduced in size. The surface is 
finely granular, and may in addition be divided 
into a number of low white elevations and 
shallow depressions. Often invisible to the 
naked eye, small cortical infarcts are always 
present (Figure II), though in a particular area 
either the tubules or the glomeruli may be 
spared. The infarcts may be outlined by small 
round cells. Bands of increased connective 
tissue containing small collapsed tubules and 





FicureE II 

Case III. Photomicrograph of the kidney (110) 

showing a small infarct. Several structureless eosino- 

philic tubules are outlined by round cells. The nuclei 

of the glomerulus are pyknotic. The epithelium of the 
tubules around the periphery is fragmented 





Ficure IV 


Case I. Photomicrograph of a glomerulus (x 350) 
showing eosinophilic swelling of capillary walls, which 
has extended from the afferent arteriole 





FicureE III 
Case I. Photomicrograph of the kidney ( x 60) showing 
a narrow zone in which the glomeruli are crowded 
together, the tubules are condensed and the interstitial 
tissue is increased 





FIGURE V 


Case I. Photomicrograph of a glomerulus (x 350). 
Some of the capillary loops are swollen and eosinophilic, 
and there is hemorrhage into the capsular space 

















many normal glomeruli may extend down 
towards the medulla from the depressed areas 
on the surface (Figure III). 

The glomeruli show a series of changes— 
thickening of the capillary basement membranes, 
endothelial proliferation, small areas of fibrinoid 





Figure VI 


Case II. Photomicrograph of a glomerulus (x 350) 
showing thickening of the basement membranes of 
some capillary loops 


change extending into the tuft from the afferent 
arteriole (Figure IV) or infarction (Figure V). 
The first of these changes—thickening of the 
basement membrane (Figure V1)—was present 
in these three patients, and in four other patients 
who died from other complications of sclero- 
derma; it has been described by a number of 
authors (Pollack, 1940 ; Conestabile and Natale, 
1953). This particular lesion probably occurs 
gradually throughout the course of the disease, 
and bears no immediate relation to the changes 
in the terminal stages of the illness. Endothelial 
proliferation (Fisher and Rodnan, 1958) has 
been reported less frequently. In two patients 
without renal failure (Bevans, 1945, second 
case; Rodnan et alii, 1957, second case) there 
was no intimal proliferation, and _ fibrinoid 
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change alone was found in the glomeruli and 
small renal arteries. In the presence of renal 
failure, the degree of fibrinoid change is 
proportional to the intimal change in the 
intralobular arteries (Fisher and Rodnan, 1958), 
though in one patient with malignant hyper- 
tension (Bartels e¢ alit, 1955) there were intimal 
lesions in the intralobular arteries, and no 
fibrinoid change. Severe renal involvement 
would appear to be determined by a degree of 
thickening of the intralobular arteries sufficient 
to occlude their lumina. 

The thickening is seen to be due to 
concentrically disposed interlacing fibres 
separated by flattened spaces (Figure VII). 
Appropriate staining demonstrates both collagen 
and reticulin (Fisher and Rodnan, 1958). Less 
often, the swollen intima shows a mucoid rather 
than a fibrous appearance (Figure VIII), and 
a greater affinity for hematoxylin. In either 
case there are relatively few cells visible. The 
media may be seen stretched around the 





FicurE VII 


Case I. Photomicrograph of the kidney (x 180) 

showing two intralobular arteries. The vessels are 

swollen and their lumina are reduced. The intima and 

media are indistinguishable, and are replaced by loose 
interlacing fibrous tissue 


swollen intima (Figure VIII), or may itself 
undergo collagenous change (Figure IX). The 
overall diameter of the artery is always increased 
several fold. The lumen is reduced below 
effective functional capacity, or obliterated by 
thrombosis (Figure X). Both types of intimal 
































FiGuRE IX 


eters Case I. Photomicrograph of an intralobular artery 


Case : III. Photomicrograph of _the kidney ( x 180) ( x 350) showing loose fibrous thickening of the wall. 
showing an intralobular artery. The intima is swollen An afferent arteriole leaving the artery is swollen and 
and vesicular, and sharply demarcated from the media eosinophilic i 





FIGURE X FicurE XI 
Case I. Photomicrograph of an intralobular artery Case III. Photomicrograph of the kidney (x 180) 
(x500). The vessel is thrombosed, and its wall is showing an intralobular artery. There is loose acellular 


infiltrated by red cells and pigment. The outer fibres fibrous thickening of the wall, and two patches of 
of the media are normal fibrinoid change are seen 
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change have previously been described, and 
one or other may predominate in a particular 
patient. Both components were present in one 
patient (Bartels et alit, 1955), and an increase 
of both fibres and ground substances has been 
demonstrated (Fisher and Rodnan, 1958). It 
seems that a mucoid rather than a fibrous 
appearance is likely to be observed when the 
blood pressure remains low. The walls of the 
afferent arterioles are in places replaced by 
structureless eosinophilic material (Figure IV), 
which may extend into the glomeruli or affect 
the intralobular vessels (Figure XI) in a patchy 
fashion. The interstitial tissue is increased and 
swollen. Cellular infiltration is absent, except 
around the edge of some small infarcts. Some 
of the tubules are atrophic and surrounded by 
increased connective tissue ; others are dilated 
and filled with hyaline eosinophilic material. 
Many tubules show fragmentation, probably 
due to post-mortem degeneration. Periarterial 
inflammation (Pollack, 1940 ; Platt and Davson, 
1950) and granulomatous lesions (Swarm and 
Germuth, 1953) are exceptional findings. 


CLINICAL FINDINGS 


These patients were females, aged 36, 46 and 
69 years respectively. The durations of their 
illnesses were two years in the first case and a 
year in each of the others. The terminal phases 
lasted six, twelve and two weeks respectively, 
and were heralded by rising blood pressure and 
albuminuria. In two cases there was papill- 
cedema together with retinal hemorrhages and 
exudates. In the third there was no record of 
ophthalmoscopic examination ; but the course 
of the patients illness was such that these 
changes were likely to have been present. Two 
of the three patients received adrenal cortical 
steroids. In both, the blood pressure had 
already risen before treatment was instituted ; 
but the progress of the disease seemed to be 
accelerated after their administration. In one 
case a small number of L.E. cells was 
demonstrated. Other manifestations of sclero- 
derma were slight, and this finding could be 
correlated with the minimal pathological changes 
in other organs. The pattern of the disease in 
these three cases thus conforms to that described 
by other authors (Leinwand ef alii, 1954; 
Rodnan ¢é alii, 1957)—a short course, mild 
symptoms, sudden termination with rapidly 
progressive hypertension, oliguria and renal 
failure. It is not possible to predict which 
patients will suffer renal complications ; 
albuminuria in the absence of renal failure or 
hypertension is related to the thickening of the 
basement membranes of the glomerular 
Cc 
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capillaries and does not indicate impending 
renal failure. 

An estimate of the incidence of these 
complications may be formed from _ the 
occurrence of renal failure in five of 31 patients 
who died from scleroderma (Piper and Helwig, 
1955), and from the increasing number of reports 
in the literature. 


DISCUSSION 


Scleroderma is a_ generalized disease, 
apparently primarily affecting the small vessels. 
Since it produces such characteristic and 
striking changes in the skin, attention was at 
first naturally attracted to this; however, the 
presence and importance of visceral, and 
especially of renal, involvement have now 
become more widely recognized. 

It seems probable that the clinical and 
pathological sequence arises as a result of 
changes in an intima already altered by the 
disease. Some degree of intimal thickening of 
renal arteries was observed in four other patients 
who had died from scleroderma other than from 
renal complications. There is nothing in the 
natural history of the condition to suggest why 
this complication should occur. The short 
duration of the illness and the mildness of the 
lesions in other organs suggest that the evolution 
of the disease is interrupted by renal involve- 
ment, rather than that any specific liability to 
such complications exists in these patients. 
The appearances of the renal lesions and the 
clinical course are almost identical with those 
described in malignant hypertension (Kincaid- 
Smith e¢ alii, 1958). In each case the progress 
of the disease and the microscopic appearances 
in the kidney are determined by obstruction to 
the flow of blood in the intralobular arteries. 

The progress of the disease may be even more 
rapid than in malignant hypertension ; in two 
cases described here there was no cardiac 
enlargement, though this has been found when 
the duration of the complications has been only 
six weeks (Bartels e¢ alii, 1955). 

Despite suggestions that the lesions are 
distinguishable from those of malignant hyper- 
tension (Moore and Sheehan, 1952; Calvert and 
Owen, 1956), the appearances are very similar, 
and no distinctive features can be demonstrated 
by differential staining (Fisher and Rodnan, 
1958). It should be pointed out that in the 
cases described by the former writers, hyper- 
tension did not develop, whereas this was a 
common finding in the second series. The 
number of patients in whom these renal lesions 
were accompanied by renal failure and not by 
hypertension is sufficient to indicate that they 
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may be produced by different processes, although 
they are morphologically similar. It also seems 
likely that hypertension is a consequence and 
not a cause of the lesions. 


The thickening of the basement membranes 
of the glomerular capillaries has led to 
speculation upon a possible affinity between 
this condition and systemic lupus erythematosus 
(Banks, 1941). It should be remembered that 
the nephrotic syndrome, relatively common in 
systemic lupus erythematosus, has never been 
described in scleroderma. 


A sufficient number of cases has now been 
assembled to permit assessment of the relation 
of adrenal cortical steroid therapy to these 
complications. Although severe and rapidly 
progressive hypertension has developed in this 
condition without the administration of cortisone 
(“Case Records of the Massachusetts General 
Hospital ’’, 1956), and although steroid therapy 
has been complicated by renal failure alone 
(Calvert and Owen, 1956) or has seemed not to 
influence the course of the illness (Rodnan et alit, 
1957), there remains a considerable number of 
cases in which administration of cortisone has 
been followed by a further rapid rise of an 
already elevated blood pressure. In the light 
of these observations, the use of cortisone and 
related drugs is not to be recommended in the 
treatment of scleroderma. 
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EARLY NEPHRON CHANGES: A MICRODISSECTION STUDY! 


THELMA J. BAXTER? 
From the Department of Pathology, University of Melbourne 


SUMMARY 
A kidney, which appeared to be macroscopically normal, obtained from a patient showing no clinical 
signs of renal disease, was examined by microdissection and showed considerable morphological change. 
Differences in glomeruli, particularly of shape, and variations in size of proximal convoluted tubules with 


small diverticula were found ; these changes were not recognized histologically. 


small cysts. 


There were also a few 


These are amongst the earliest stages in the development of well-known phenomena in the granular 


kidney demonstrable with our present techniques. 


A 


familiarity with gross structural changes, of which 


these are the rudimentary steps, is essential for the appreciation and prospective study of detailed functional 


alterations in the component units of the organ. 


A KNOWLEDGE of the structure of tissues is 
a basic requirement for the understanding of 
biological phenomena, whether normal or 
abnormal Simple histological examination 
shows the appearance of structures in section, 
and to some extent the two-dimensional form 
can be extrapolated to three dimensions ; this 
is facilitated by production of serial sections, 
and consummated by reconstructions from 
them. A more direct approach, however, is 
by use of microdissection techniques. By this 
means the nephron, as a complete structure, 
can be clearly demonstrated. Although there 
are difficulties, inherent in the technique, in 
showing cytological details and other minutia, 
a great deal of information, not furnished by 
simple section or other limited procedures, 
becomes available. 

This was emphasized in observations made 
on a specimen of an adult kidney which was 
macroscopically normal, and in which histo- 
logically there was no suggestion that the 
parenchyma departed in any significant way 
from the standard pattern. The investigation 
of this organ was made primarily to confirm 
observations on normal kidneys, in order to 
provide a basis for study of various pathological 
conditions. The demonstration of definite 
though mild variations in structure shows the 
value and importance of this procedure in 
circumstances in which currently employed 
methods fail to demonstrate 
deviation from the generally accepted norm. 


1 Received on July ro, 1958. 
2 Graduate Research Assistant. 


any obvious, 


MATERIAL 


The specimen was obtained post mortem from 
a female, whose clinical history was as follows. 


The patient was aged 53 years, and had’ had an 
anaplastic carcinoma of the thyroid gland removed 
four months previously. Subsequent to operation 
there was rapid recurrence, which failed to respond to 
deep X-ray therapy. The patient was admitted to 
hospital one week prior to death for palliative treatment 
of gross cesophageal and respiratory obstruction, which 
was the immediate cause of death. There had been 
no history of renal disease, nor did biochemical 
investigation of the urine or blood suggest any 
disturbance of renal function. Prior to operation 
routine tests had been performed, and subsequently 
further examination of the urine revealed no significant 
abnormality. At autopsy, the kidneys appeared 
normal on macroscopic examination, each measuring 
11 by 6 by 3 centimetres and weighing 120 grammes. 
The capsule was thin and peeled easily from the 
surface, which was smooth. On gross section, the 
cortex was found to be of normal thickness and was 
clearly demarcated from the medulla. The pelvis in 
each case was normal. 


METHODS 


The organs were fixed in formol-saline. Appropriate 
pieces were removed for histological examination. 


After seven days’ fixation, small pieces were taken 
for microdissection. These were macerated with 
concentrated hydrochloric acid, in accordance with the 
technique described by Oliver and co-workers (1951). 
The wedges of kidney tissue were incubated in the acid 
for 30 hours at 19°5°C. At completion of maceration, 
the material was dissected by hand under a stereoscopic 
microscope, with magnifications of 50 and 100. The 
dissected tissue was removed from the dissecting dish, 
transferred to a glass slide and mounted in a drop of 
water for photography. No stain was employed. 

Some structures were too large to be observed easily 
in the small amount of fluid maintained on the plane 
surface of the ordinary slide; and some deformed 
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Photomicrograph of the kidney, showing normal 

number and distribution of glomeruli without significant 

thickening of capsules or fibrosis of tufts, and normal 
tubules without intertubular fibrosis. (x 45) 


Ficur_E III 


Photomicrograph of two glomeruli ; one shows afferent 
and efferent vessels and the ‘“‘ cone shape’’ described 
by Oliver (1939); in the other the tuft is shown, 
together with the attached convoluted tubule. (x 100) 


















Figure II FicurE IV 
Photomicrograph of a group of glomeruli obtained Photomicrograph of two glomeruli, one being relatively 
by microdissection. They show some slight variation normal (although ovoid in shape) and the other being 





in size and minor changes in shape and density. (x 100) enlarged, cystic and flattened. (x90) 
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(flattened) glomeruli could not be maintained in a 
side-on position for photography. To overcome this 
difficulty, well-slides were used; in these, thick and 
deformed structures could be seen easily in any desired 
position. 

Photographs were made principally with a Leica 
camera, with the use of 35 millimetre “ Ilford ’’ micro- 
negative pan film. For larger structures (Figure X XI), 
a “ Panphot”’ with quarter-plate Ilford ortholine film 
was employed. Observations were also made, and 
photographs obtained, with phase-contrast (Figures 
VIII and XVIII), dark-ground illumination (Figures 
XIII, XVII and XXI) and polarized light. 





FIGURE V 


Photograph of two glomeruli, one with its attached 

proximal convoluted tubule, and the other enlarged, 

granular in texture and somewhat irregular in shape 

and flattened. The atrophied proximal convoluted 
tubule is attached. (x 100) 


RESULTS 
Histological Examination 

The tissue showed little departure from normal 
(Figure I). The distribution of glomeruli and 
tubules was typical, blood vessels were of normal 
thickness and no significant fibrosis was seen ; 
that is, only an occasional fibroblast was found 
between the tubules. The glomeruli were 
generally of normal size, though an occasional 
slightly larger or smaller one was seen. Their 
capsules were of normal thickness and the tufts 
were normal, occasional ones showing slight 
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digitation. The tubules were lined by cells 
which were typical for the various parts of the 
nephron ; these were of normal structure. A 
very occasional small cyst was present, usually 
just below the capsule. 





Figure VI 
Photomicrographs of a flattened glomerulus shown 
in surface and side views. This glomerulus is greatly 
enlarged and cystic in character, and shows an atrophied 
tuft. (x48) 





FicurE VII 
Photomicrographs of a flattened granular glomerulus 
viewed from the main surface and also from its edge. 
The flattened character of the glomerulus is well 
demonstrated ; it has moved slightly during photo- 
graphy. (X100) 


Microdissection 


Most of the nephrons were of uniform 
appearance and of similar size. Glomeruli, the 
capsules of which were well filled with capillary 
tufts, conformed in size to the normal diameter 
of 150 to 250u (Ham, 1953). The various 
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Figure VIII 


Photomicrograph (phase contrast) of the upper part . , whepegacanedics , h 

of a nephron, showing kinking of the proximal con- Photomicrograph of the upper part of ws ho ‘a 
voluted tubule, the finer festoonings of which could showing many small diverticula in the walls of the 
not be obliterated by pulling out the tube. (x 100) tubule, even up toward the neck region. (100) 











FiGcuRE IX FIGURE XI 
Photomicrograph of proximal convoluted tubule near Photomicrograph of the upper part of a nephron, 
its terminal part, showing the fine festooning which showing well-defined pouchings and diverticula in 


prevented complete straightening of the tube. (x72) various parts of the wall. (x72) 
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Figure XII 
Photomicrograph of part of a dissected proxima 
convoluted tubule, showing numerous diverticula. 
(x72) 





Figure XIII 


Photomicrograph (dark-ground illumination) of part 

of a nephron, showing well-defined diverticula in the 

walls of the proximal part of the proximal convoluted 

tubule. The bulges on the surface are easily seen by 
this method. (x 100) 





FIGURE XIV 


High-power photomicrograph of portion of a proximal 
convoluted tubule, showing two characteristic 
diverticula in the walls. (Xx 400) 


Ne 





FIGURE XV 


High-power photomicrograph of portion of the wall 
of a proximal convoluted tubule, showing small 
pouchings and well-defined diverticulum. (x 400) 
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FicurE XVIII 


Photomicrograph (phase-contrast) of the specimen 
illustrated in Figure XVII, showing two well-defined 
Ficure XVI diverticula, one of which is pedunculated. (x 220). 





High-power photomicrograph, showing pouchings and 
diverticula in the wall of the proximal convoluted 
tubule. (x 400) 





FicureE XVII Figure XIX 
Photomicrograph (dark-ground illumination), showing 
pouchings and somewhat pedunculated diverticulum 
in the juxta-glomerular part of the proximal convoluted 
tubule. (x 136) 


Photomicrograph of portion of a distal tubule, showing 
pouchings and a well-developed diverticulum. (x 400) 
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tubular components showed uniform diameters, 
normal for the various regions. 


However, unusual forms of nephrons were 
found to constitute 8% to 10% of the total 
number. These abnormalities included 
glomerular and tubular changes which in some 





FIGURE XX 
Photomicrograph of portion of a distal convoluted 
tubule, showing a pedunculated diverticulum. (x 400) 


nephrons were associated, but in others were 
found independently of each other. In some 
instances arterioles showed thickening, so that 
the diameter of the efferent was similar to that 
of the afferent arteriole (Figures III and IV). 


The glomeruli exhibited various shapes and 
sizes and variation in density of the tufts 
(Figure II). Many showed an increase in the 
capsular space due to a shrinkage of the tuft. 
Some showed shape distortion in different 
degree, the most extreme of which was a 
complete flattening of the corpuscle (Figures 
IV to VII). These flattened, distorted glomeruli 
were of two main types: one in which the 
capsular surface appeared relatively opaque and 
granular (Figures V and VII), and the other in 
which the atrophied tuft was clearly visible 


through a thin, translucent, somewhat cystic 
type of capsule (Figure IV). In both forms 
arterioles were absent, and only rarely were 
tubular connexions observed (Figure V). 
Connexions may have been broken and lost in 
dissection, but no trace of their remnants was 
seen. As has already been mentioned, some 
features were not easy to demonstrate, but with 
sufficient fluid, peculiarities such as_ gross 
flattening could be shown by viewing the 
glomerulus in side-on position (Figures VI and 
VII). 

The proximal convoluted tubules showed 
diverse changes; the most frequent was a 
‘kinking ” of the tubule, which could not be 
straightened out by stretching the tubule with 
the dissecting needle. This occurred in various 
parts of the tubule, including the normally 
straight terminal segment of the proximal 
convolution (Figure IX), but was found in its 





FIGURE XXI 


Photomicrograph (dark-ground illumination) of a cyst, 
with an average glomerulus (on a different plane and 
slightly out of focus) shown for comparison. (X72) 


most exaggerated form in the proximal part of 
the proximal convolution (Figures X to XIII) 
and in the juxtaglomerular region. There were 
also variations in the diameter of the tubule— 
dilated regions contrasting sharply with normal 
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and slightly atrophied sections. Occasionally 
thin “ribbon-like”’ structures (Oliver, 1939) 
were seen—dilated tubules, which then appeared 
to have been compressed and flattened. Many 
of the proximal tubules appeared to have a 
definite ‘‘ neck” region behind the glomerulus 
(Figure X). A “ neck ”’ is not normally present, 
but arises from dilatation of the tubule behind 
the corpuscle (Oliver, 1939). 


A striking phenomenon, which occurred most 
frequently in association with the “ permanent ” 
tortuosity or kinking of the nephron, was the 
presence of small out-pouchings or diverticula. 
These were present in the distal parts of the 
tubule (Figures XIX and XX), but commonly 
were more prominent in the proximal convoluted 
tubules (Figures X to XVIII). Both dark- 
ground illumination and _ phase _ contrast 
facilitated the demonstration of the diverticula. 
In shape some were hemispherical or smaller 
segments of a circle, and others were spherical 
or ovoid ; they communicated with the lumen 
of the tubule either by a wide mouth or by a 
narrow passage contained in a pedicle of the 
diverticulum. In size the majority fell within 
the range of 15 to 60u. Their distribution 
varied considerably ; they appeared both as 
solitary and as multiple outpouchings. In 
addition to their occurrence generally in the 
proximal convolution (Figure XII), they were 
commonly found in the juxta-glomerular area 
(Figures XI and XIII). 


Occasional cysts were also found in the course 
of dissection (Figures VII and XXI). These 
were without exception flattened structures, 
devoid of any readily demonstrable external 
connexions or, when rotated with the needles, 
of remnants of connexions. They varied 
greatly in size, their diameters ranging from 
600. to 12004. Amongst those which showed 
a residual capillary tuft, this frequently appeared 
a bright orange colour. 


DISCUSSION 


The features observed in the present case 
were enlargement of some of the glomeruli, 
together with some variation in form and 
atrophy of tufts, a rigidity of the tubules and 
small diverticula, particularly of the proximal 
convolution. Small cysts were also demon- 
strated. Variation of glomerular size is a 
well-recognized phenomenon in kidneys which 
have been the site of damage of various kinds ; 
it may be demonstrated easily in histological 
sections of granular kidneys. In such cases 
there is evidence of the nature of the condition 
in the form of fibrosis of the glomerular tufts or 
capsules and diffuse fibrosis. 


In the present case there is little evidence of 
the nature of a preceding change. Fibrosis of 
tufts or capsules of the glomeruli was not 
obvious (though some atrophy of tufts was 
seen) ; nor was there significant intertubular 
fibrosis. The kinking of the convoluted tubules 
needs to be explained by some change other 
than deformation by the enveloping connective 
tissue, since usually, when the fibrous tissue 
has been digested or dissolved, the tubules can 
be manipulated easily whatever the previous 
state of the connective tissue or deformation of 
the parenchyma. 


Hyperplasia of the cells of the proximal 
convoluted tubules—which occurs commonly 
in at least some forms of chronic renal disease 
—may determine a gross configuration of the 
tubules which would not necessarily be changed 
during dissection without breaking the tubule. 
The numerous small diverticula not only indicate 
local differences in cellular proliferation, but 
also themselves exaggerate the fixed convolution 
and kinking of the tubules. They are 
presumably examples of heterogonic growth 
(Oliver, 1950). 

Pouchings of the tubular walls have been 
described by Peter (1909), by Huber (1909) and 
by Oliver (1939) in the distal convolution. 
Oliver described them as “small cystic 
structures and bud-like processes ’’; Huber had 
referred to them as “ bud-like appendages ”’. 
Oliver quoted Peter as considering them, owing 
to their frequent occurrence, to be a normal 
phenomenon. However, Huber thought that 
they were probably due to compression of the 
surrounding tubules. 


Oliver and Luey (1934) described the hyper- 
trophic proximal convolution of the abnormal 
nephron in hemorrhagic Bright’s disease, in 
which they noted “ knob-like diverticula ’’ in 
the terminal region, which is usually a straight 
“or at best a slightly undulating filament ”’. 
It was stated, however, that when the kinked 
tubule was drawn out by the dissecting needles, 
the ‘“‘apparent diverticula”’ were due to the 
“angular tortuosity”’ of the tubule. Later, 
Oliver (1939) described the “ irregular bulgings ”’ 
of the proximal convolution as being due to 
contraction of “‘ connective tissue bands or at 
points of lesser external resistance the distorted 
tubule had protruded in diverticulated out- 
growths ”’. 

In this exercise, the material exhibited 
diverticula not only in the terminal portion of 
the proximal convolution; they were also 
abundant, in many instances, in the juxta- 
glomerular region, and these small bullze were 
of such a nature that no amount of stretching 
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(short of rupturing the tubule) or unravelling 
could eliminate them. It is concluded that, 
owing to the scant descriptions in the literature 
of this phenomenon, they occur rarely at these 
sites. For this reason their prominence in this 
case has been regarded as of special moment. 
From their structure (and the various forms 
they may adopt), it seems improbable that they 
are determined by simple local physical 
factors; they more probably are manifesting 
a localized accession of growth. 

Concerning the flattened, distorted glomeruli, 
Oliver (1939) described a similar condition 
occurring in atrophied units. He stated that, 
when viewed at right angles, the capsule was 
found to be “lenticular instead of spherical ”’. 
It is noteworthy that connexions were not 
observed in the cystic structures; but as 
Bialestock (1956) has stated, “the larger the 
cyst, the more relatively insignificant any 
junction with a tubule would be, and the more 
easily would it be severed during manipulation’’. 

The departure from normal structure seen 
here, in the absence of easily demonstrated 
recent pathological change, would have been 
accepted a relatively short time ago without 
question as being ‘“‘congenital’’ in origin. 
However, on the one hand, many conditions of 
previously uncertain nature have been shown 
in recent times to develop in adult life, and on 
the other, we have the many demonstrations, 
mentioned earlier, of gross changes in nephrons 
of the types seen here associated with gross 
renal disease. 

In the present case, therefore, a previous 
attack or attacks of “nephritis’’ may be 
postulated to account for these nephron changes. 
It must be assumed that the degree of damage 
was slight (as indicated by the absence of 
significant connective tissue), and that sufficient 
time had not elapsed to allow the glomerular 
and tubular changes to disappear (either by 
complete atrophy of damaged components or 
recovery). The stimuli responsible for the 
development and maintenance of cell form are 
awaiting elucidation at the general biological 
level. The factors are complex, and some of 
them appear to be inherent, in some measure, 
in the tissues themselves; that is to say, the 
form of part of a structure is determined by the 
presence and condition of neighbouring tissue. 
Though the mode of development of variations 
in tissue form may not be understood, a 
knowledge of the structural characters is an 
essential prerequisite to any progress in, and 
may in due course lead directly to, and under- 
standing of the pathogenesis. 

Tissue and cell function is a complex matter 
in the kidney. Commonly we speak of the 
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kidney, meaning the organ as a whole; this 
must, of necessity, be the algebraical sum of 
the functional activity of the units. These are 
assumed to be equal in the normal organ; the 
confusedness and muddle in the case of the 
diseased organ, where nephrons may vary so 
much from each other, has been demonstrated 
and emphasized particularly by the results of 
microdissection of such organs (Oliver, 19506). 
If significant variations in size and form are to 
be found in presumably normal kidneys, then, 
apart from examples of gross renal disease, 
conclusions based on the combined action of 
presumed ‘“‘ normal” nephrons must be made 
with care, even in “‘ normal ”’ cases. 


CONCLUSIONS 


Considerable changes may be present in the 
kidney and yet not be recognized by any of 
our current methods of examination—clinical, 
physiological, biochemical or morphological. 

Remarkable alterations in shape of glomeruli, 
with gross flattening, and diverticula of the 
proximal part of the tubule were observed ; 
they had been noted, in part, previously by 
other workers, but may be most difficult, if not 
impossible, to recognize or demonstrate easily 
by methods other than microdissection. The 
problems that are raised are the basic ones of 
hyperplasia and hypoplasia (down to atrophy) 
of cells and tissues ; a great deal more detailed 
information is required before they can be 
answered. 

Variations in size of the proximal convolution 
are due to hyperplasia commonly seen in renal 
disease ; the diverticula are probably the result 
of localized increase in cell numbers in a small 
area—the diverticulum being formed to 
accommodate the more numerous cells. In any 
case, these structures will influence the functional 
activity of the nephron, and even though the 
observations themselves do not so much as 
begin to elucidate the function, knowledge of 
their presence poses the problem in a definite 
form and emphasizes again the necessity for 
considering the functional activity of individual 
nephrons. 

The precise mode of development of these 
abnormal nephrons and the factors responsible 
for them are not clear. Variations in blood 
supply—that is, local nutrition and the possible 
physical action of adjacent tissues (by pressure) 
—may play a part ; but these do not adequately 
explain the phenomena. There is the inter- 
action of many factors, such as are responsible 
for growth and differentiation in normal 
circumstances ; these still await elucidation. 
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MARFAN’S SYNDROME: THE NATURE OF THE AORTIC DEFECT! 





J. V. Huriey? 
From the Department of Pathology, University of Melbourne 


SUMMARY 
Defects of the aortic wall involving one or more elements were present in five of seven cases of 
dissecting aneurysm of the aorta occurring in association with Marfan’s syndrome; in two of them no 
histological abnormality was seen. No significant difference was found in the hexosamine content of the 
walls (determined in five cases) as compared with that of normal aortas from subjects of the same age group. 
Although gross malformation of the aortic wall was present in a minority of cases, both in this series 
and in previously recorded cases, the basic defect common to all examples of Marfan’s syndrome appears 
to involve the mucopolysaccharides of the intercellular substance. The chemical findings suggest that 
the defect may be in the degree of polymerization of these polysaccharides, rather than in alteration of 


the total amount present. 


THE generalized and familial disorder of 
connective tissue which bears his name was 
first described by Marfan in 1896, and as several 
of the early autopsies—all on children—revealed 
patency of the interauricular septum (Salle, 
1912; Borger, 1915; Piper and Irvine-Jones, 
1926), this defect was at first regarded as the 
cardio-vascular hallmark of the condition. 
When adult cases were recognized and studied, 
it became apparent that abnormality of the 
great vessels, and in particular the aorta, was 
both more frequent and of greater clinical 
significance, and it is now clear that although 
a large number of cardio-vascular anomalies 
may occur as part of this syndrome (McKusick, 
1955), the commonest and most important are 
two lesions of the aorta—diffuse dilatation of 
the ascending aorta and dissecting aneurysm. 
Marfan’s syndrome is the commonest, indeed 
almost the only, cause of dissecting aneurysm 
in young people in Australia (Hurley and Birrell, 
1956). 

First adequately described by Baer, Taussig 
and Oppenheimer in 1943, these abnormalities 
may occur singly or together, and either may be 
associated with incompetence of the aortic 
valve. Goyette and Palmer (1953) found 34 
cases with autopsy on record, 23 of which had 
been described in the previous 10 years; at 
least 20 cases have been recorded since (Tung 
and Liebow, 1952 ; Anderson and Pratt-Thomas, 
1953; Sloper and Storey, 1953; Traisman and 
Johnson, 1954; Whittaker and Sheenan, 1954 ; 
Coleman, 1955; Macleod and Williams, 1956 ; 
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Austin and Schaefer, 1957; Bingle, 1957; 
Dimond ef alii, 1957; Case Records of the 
Massachusetts General Hospital, 1957 ; Pappas 
et alit, 1957; and Burry, 1958). Thus the 
condition is probably considerably more common 
than the paucity of earlier reports suggests. 


The present paper presents details of seven 
further cases, in one of which material removed 
at operation prior to death was available, 
compares them with previously recorded cases 
and discusses the nature of the basic defect of 
the aorta in this syndrome. In addition, details 
of the hexosamine content of the aorta, both in 
the normal subject and in Marfan’s syndrome, 
are presented and the relation of the chemical 
and histochemical findings is discussed. 


MATERIALS AND METHODS 


In all but one case (Case III), a full clinical 
history and both gross and histological exam- 
inations of specimens were carried out. In 
Case III only a history and histological blocks 
of aorta and other tissues were available. 


For histological examination, specimens were 
taken from the abnormal region of the aorta and 
also from adjacent normal areas. At least two 
blocks were taken from each specimen, fixed in 
10% formol-saline and embedded in paraffin, 
and sections were cut in the usual way. 


Sections from each block were stained with 
each of the following stains: (i) haemalum and 
eosin, (ii) Weigert’s elastic tissue stain, (iii) picro- 
Gomori modification of Masson’s trichrome, 
(iv) alcian blue, (v) periodic acid Schiff without 
the acid-reducing rinse of Hotchkiss (1948), 
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(vi) silver impregnation for reticulin (Lillie, 


constant weight under vacuum. The specimen 
1948) and (vii) toluidin blue. 


was hydrolyzed with 4N hydrochloric acid in In 

For the determination of hexosamine, a small 2 sealed tube at 110°C. for 16 hours and skele 
portion of the aorta, previously fixed in formol- neutralized, and the hexosamine was determined by © 
saline, was taken from an area adjacent to but = by the method of Blix (1948), with the use of the s 
separate from any macroscopic abnormality. @ ‘‘ Cambridge Unicam ” spectrophotometer. synd 
The adventitia was removed with fine forceps pres 
and the combined media and intima were RESULTS earl} 
weighed. The specimen was immersed in three The clinical, macroscopic and _ histological deat 
changes of acetone for two days each to remove _ features of the cases studied are summarized in year 
any fat, cut into small pieces and dried to Table I. alm¢ 
the 


TABLE I 
Summary of Clinical and Pathological Findings in Present Series 

































































| | Autopsy Findings 7 . D 

Case Age | | cena = ere In <¢ 

Number | (Years) | Sex Clinical Features | h 
Macroscopic | Histological cnr 
| in 1 
wea: | 
I 21 M. | *190°5 cm. tall—classical skeletal | Intimal tear just above aortic valve, | (i) Gross defects of elastic tissue with 
| stigmata of Marfan’s syndrome— with dissection and evidence of | disorganization of media in some Mac 
known dislocated lenses since endothelialization as far as the | areas. (ii) Excess intercellular i 
childhood. One uncle with a common iliac arteries. Hypo- | material without “‘ cyst ’’ formation 
| similar condition. Abdominal pain plastic aorta with gross dilatation — 
| six weeks before death. Sudden of its ascending portion. Death | 
| death. No record of blood from left common carotid arterial | 
| pressure embolism 
= 

Il 18 M. | *Classical skeletal stigmata of | Acute dissection of the whole length | (i) No gross defect of elastic tissue, 

} |  Marfan’s syndrome. Lumbar pain of the aorta with evidence of more | __ fibres perhaps thinner than normal. = 
| three weeks before death. Collapse chronic dissection at the origin of | (ii) Some increase in intercellular 

| under observation with formation | the left renal artery. Ascending | substance in operative material. Aor 

of a left hemothorax. Ruptured aorta hypoplastic, but not dilated. (iii) Gross increase in intercellular Diss 

aortic aneurysm diagnosed and Left haemothorax substance, with displacement of a 

dissecting aneurysm found at muscle fibres and some fragmenta- Dila 

operation. Death during at- tion of elastic tissue in autopsy Sup 

tempted repair. Blood pressure specimens. Fus 

before collapse 110/70 mm. Hg 7 

III 24 F, *Tall, thin girl with pigeon breast, | Slight general dilatation of the aorta, | (i) Fibrin and red blood cells in a Pul 
but no other skeletal deformity. which was thin-walled throughout. | plane in media for some distance § 
Father died of ruptured aneurysm Transverse intimal tear 2 cm. ahead of macroscopic dissection. 
at age of 40. Died 11 hours after distal to aortic valve. Dissection (ii) Elastic tissue normal. (iii) No . 
onset of severe precordial pain to mid-abdominal level without apparent increase in intercellular - 
without preceding symptoms. external rupture substance 1 

| Blood pressure 70/40 mm. Hg on i det 
admission to hospital } 

IV 20 F, Sudden death in young girl with | Gross dilatation of ascending aorta, | (i) Focal defects in elastic tissue in y 
skeletal stigmata of Marfan’s with intimal tear just above aortic outer half of media. (ii) Excess 
syndrome and _ no _ previous valve and_ recent dissecting intercellular substance in same area 
symptoms. No known family aneurysm of whole length of aorta. without “cyst” formation. (iii) as 
history. No record of blood Death from rupture into peri- Thickening and sclerosis of intima : tv 
pressure cardium. Aortic valve cusps i ‘ 

| voluminous ‘ di 
7 | 24 M. *Patient with skeletal stigmata of | Localized chronic dissection of | (i) Endothelialized chronic dissection Ww 
| Marfan’s syndrome under treat- ascending aorta, with gross dilata- | in media. (ii) Elastic tissue normal. (( 
ment for 34 years for aortic re- | tion. Voluminous aortic valve (iii) No increase in intercellular 
gurgitation and congestive cardiac | _ cusps. Hypoplastic descending substance. Ww 
failure. Died suddenly. Blood | aorta. Intrapericardial rupture 
pressure 125/30 mm. Hg | of ascending aorta 

VI 21 M. 200°7 cm. tall with gross Marfan’s | Chronic endothelialized dissecting | (i) Endothelialized dissection with u 
skeletal stigmata. Known aneurysm from 4 cm. distal to superadded thrombosis. (ii) \ 
generalized systolic murmur for aortic valve to mid-thorax with a Localized elastic tissue defects and 
four years. Dyspnoea and chest re-entrant tear. Dilatation of disorganization of media in outer 
pain for four months. Death from aortic ring and voluminous aortic | part. (iii) Slight generalized 
acute pulmonary cedema. An valve cusps, |  imerease in intercellular substance t 
uncle had a doubtful Marfan’s | in media 
syndrome. Blood pressure | a 
110/85 mm. Hg. (Glass, 1957, 

Case I) | U 
Vil 31 F, Skeletal and ocular features of | Recent transverse intimal tear 4 cm. | (i) Minor degree of fragmentation of ‘ 

Marfan’s syndrome. Heart abnor- distal to aortic valve, with dis- elastic tissue, but no gross dis- I 

malities recognized at age of eight section down to vaives and 1 cm. | ruption. (ii) Moderate increase in 

years. Auricular fibrillation for distally. External rupture with | intercellular substance, but no 

12 months. Increasing dyspnoea hemopericardium. Remainder of | ‘ cysts” : 

on exertion. Severe chest pain 12 aorta normal in size. Aortic valve | 1 

hours before death. Blood pressure cusps larger than normal | j 

160/80 mm. Hg. (Glass, 1957, | 

Case III) | ( 


* Cases so marked were included in the 106 cases previously reported (Hurley and Birrell, 1956). 
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Clinical Features 


In all except Case III the presence of obvious 
skeletal stigmata, accompanied in some cases 
by ocular abnormality or a family history of 
the syndrome, confirms the diagnosis of Marfan’s 
syndrome. In Case III the only deformity 
present was a mild “ pigeon breast ’’; but the 
early age at which dissection occurred and the 
death of the patient’s father at the age of 40 
years from a ruptured aorta make the diagnosis 
almost certain. It is not proposed to discuss 
the clinical features in detail. 


Macroscopic Features 
Dissecting aneurysm of the aorta was present 
in all seven cases; it was acute in three and 
chronic in four, with superadded acute dissection 
in two. 
TABLE II 


Macroscopic Lesions in the Present Series and in 
Previously Recorded Cases‘ 


Goyette 
Type of and Reported Present 
Lesion Palmer Since Series Total 
(1953) 


Aortic lesions 22 20 
Dissecting aneurysm 12 6 
Fusiform aneurysm 9 
Dilated aortic ring 
Supraaortic stenosis 
Fusiform aneurysm 

and dissecting 

aneurysm “ — 2 2 4 
Pulmonary artery 

aneurysm with 

microscopic aortic | 

abnormality .. — 2 -- 2 


1uNn 
» 


‘In a few cases in which the original paper is not available, the 
details have been taken from Goyette and Palmer (1953). 


Fusiform dilatation or aneurysm of the 
ascending aorta was present in three cases, in 
two (Cases I and V) in association with chronic 
dissecting aneurysm, and in one (Case IV) 
with an acute dissection. In three cases 
(Cases I, II and V) the wall of portion or the 
whole of the aorta was hypoplastic. 


The cusps of the aortic valve were noted as 
unduly large in four cases (Cases I, IV, VI and 
VII), but fenestration of the cusps was not seen. 


These macroscopic appearances are similar to 
those described repeatedly in the literature, and 
a more detailed description of them is 
unnecessary. The occurrence of the various 
aortic lesions in the present series and those 
previously recorded is set out in Table II. 


_ The presence of dissection, acute or chronic, 
in all seven cases is unusual, the reported 
incidence being approximately one in every two 
cases ; but the increase is almost certainly due 
to the circumstance that the majority of the 


present cases were discovered during a general 
survey of dissecting aneurysm (Hurley and 
Birrell, 1956). 


Histological Features 
In detailing the changes seen, it is convenient 
first to describe the appearances seen in each 
component of the aortic wall, secondly to discuss 
the distribution of the observed abnormalities, 
and finally to detail the differences in the several 
specimens examined in Case II. 





FicuRE I 


Photomicrograph of the wall of the aorta in Case I, 

showing gross disruption of the normal pattern by 

large irregular defects in elastic lamella. Note 

that the remaining lamellz are thin and irregular 

in arrangement. (Weigert’s elastic tissue stain, 
< 135) 


Changes Observed in Components of the Aortic 
Wall.—The first component studied was the 
elastic tissue. The following three types of 
alteration were seen: (i) Gross disruption of 
the regular lamellar arrangement accompanied 
by considerable decrease in total elastic tissue 
present. This change was always associated 
with loss of the normal regular arrangement of 
muscle cells between elastic lamella, but 
proliferative activity of the cells as described 
by some authors was not seen (Figure I). (ii) 
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Thinning of elastic lamalle with varying 
degrees of fragmentation of fibres, but without 
loss of the normal pattern of the media (Figure 
II). (iii) Disruption and fraying of a few 
elastic fibres in immediate relation to intra- 
medial dissection, the damage being clearly a 





FicureE II 


The wall of the aorta in Case VI, showing 

generalized thinning of lamelle and scattered 

small defects of elastic tissue. Note the preserva- 

tion of the normal lamellar pattern. (Weigert’s 
elastic tissue stain, x90) 


mechanical result of the process of dissection 
(Figure III). No evidence of elastic fibre 
regeneration was seen in relation to any of these 
types of change. 


The second component studied was the 
muscle cells. Apart from the irregular 
disposition of muscle in association with gross 
elastic tissue defects described above, the only 
abnormality of muscle seen was a decrease in 
the number of cells adjacent to large collections 
of intercellular material. In some cases it 
seemed that actual loss of muscle cells rather 
than their mere displacement had occurred, 
the total number of muscle nuclei between 
adjacent lamelle appearing less than normal 
(Figure IV). 


The third component studied was the inter- 
cellular substance. In the media of the aorta, 
intercellular substance is normally visible on 
each side of elastic lamallz, and also separating 
smooth muscle cells. This material stains 
positively with alcian blue or Hale’s colloidal 
iron, metachromatically with toluidin blue, and 
pale pink with the periodic acid Schiff technique. 
In well-fixed material it is homogeneous, but 
may present a finely “ bubbled” appearance 
following rapid dehydration. Material with 
similar staining reaction is normally present in 
somewhat greater amount in the intima, and 
its distribution in both media and intima varies 
somewhat with age (Bunting and Bunting, 
1953): 

In the cases of the present series two types 
of change were seen. The first type is a 
generalized increase of intercellular substance 
distributed more or less diffusely through large 





FicureE III 


The wall of the aorta in Case VI in a region 
adjacent to the dissection. Note the organized 
thrombus in the upper portion of the picture, 
with elastic lamella torn and turned back on 
themselves at the margin of the plane of dis- 
section. (Weigert’s elastic tissue stain, x90) 


areas of media without disturbance of the 
normal architecture. Small degrees of this 
change are difficult to distinguish from the 
normal (Figure V). The second type is a 
localized accumulation of intercellular material 
into “lakes” or “ pools”, often with adjacent 
changes (Figure IV) in muscle and elastic tissue 
as described above. In each type of change the 
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increased intercellular substance stained as in 
the normal aorta and was homogeneous. No 
increase in collagen fibres in the media was seen 
in any of the cases studied. 


Distribution of the Medial Abnormalities.— 
The medial defects described above varied 
widely in their distribution. The gross elastic 
tissue defects (first type) were sharply localized, 
and seen in three cases only (Cases I, IV, VI). 
In each the defect affected only one or two 
small areas—in Cases IV and VI a section of 
that part of the media lying outside the 
dissection, the remainder of the elastic fibres 
appearing quite normal. The thinning and 
fragmentation of elastic fibres of the second type 
were seen in Case VII and in the post-mortem 
material from Case II, and in each case were 
widespread throughout the media. Minor 
degrees of this type of damage may be difficult 
to distinguish from fixation and processing 
artefacts, to which elastic tissue is particularly 


a* 





Figure IV 


The wall of the aorta in Case I, showing large focal 

accumulations of intercellular substance with decrease 

in the number of adjacent muscle cells. Note the 

preservation and normal appearance of the elastic 

lamella. (Iron hematoxylin and Alcian blue stain, 
x 180) 


susceptible. The changes affecting intercellular 
material and, in the focal form, muscle as well, 
involved a much greater extent of the media. 
Where the diffuse type of change was present, 
it affected the media in the whole of the section 
examined, being commonly more obvious in, 
but not confined to, the inner half. The focal 
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change was widely distributed also, but was 
more common in the inner half. However, 
changes were seen at all levels. 

The Comparison of Operation and Autopsy 
Material in Case II.—In the specimen obtained 
at operation, the elastic tissue and muscle 





FIGURE V 


The aortic wall from a specimen removed at opera- 

tion in Case II, showing preservation of the normal 

lamellae pattern accompanied by slight generalized 

increase in intercellular substance. (Picro-Gomori 
stain, x90) 


appeared normal, and slight generalized increase 
in intercellular substance was the only 
abnormality detected (Figure V). In _ the 
autopsy specimens the elastic tissue fibres 


TABLE III 


Hexosamine Content of the Aorta in Normal Young 
Adults and in Subjects of Marfan’s Syndrome 


Normal Adults Marfan’s Syndrome 





Case Hexosamine Case Hexosamine 
Number (Percentage of Number (Percentage of 
Dry Weight) Dry Weight) 
I 0°94 I +35 
2 1-09 II 0:83 
3 0:87 Ill 1-38 
4 IIo IV 0-92 
5 1-22 Vv 1-38 
6 I*ro 


1 All figures are the mean of estimations conducted in duplicate. 
The numbers of the Marfan’s syndrome cases correspond to the case 
numbers in Table I. 


appeared thinner and in places considerably 
fragmented, and gross increase had occurred in 
the quantity of material visible between the 
cells—to such a degree as to give the whole 
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media a “blown up” appearance. The 
increased intercellular substance was homo- 
geneous and exhibited its usual staining 
reactions. The adjacent muscle nuclei stained 
normally, but the cytoplasm appeared reduced 
in amount, and the cell boundaries were less 
distinct than before (Figure VI). 


Chemical Features 


The hexosamine content was determined of 
portion of the aorta from five cases in the 
series, and also of part of the aorta obtained 
post mortem from six young adults whose death 





FIGURE VI 


Aortic wall from the specimen removed at autopsy 

in Case II, showing a gross generalized increase in 

the amount of visible intercellular substance pro- 

ducing a “ blown up”’ appearance of large areas of 

the wall, with irregularity in muscle cell arrange- 

ment. The elastic lamelle are still regular. (Picro- 
Gomori stain, X90) 


had occurred from causes unrelated to the 
cardio-vascular system. In most of these cases 
death was due to trauma. The results obtained 
are set out in Table III. 

It is apparent that there is no significant 
difference in hexosamine content between 
normal aortas and those from patients with 
Marfan’'s syndrome. 


DISCUSSION 


In many of the early and some of the more 
recent cases of aortic abnormality in Marfan’s 
syndrome, the histological description is either 
absent or inadequate ; but in the cases in which 


adequate description is available, the changes 
seen may be divided into the following groups: 

1. Gross deformation of the aortic wall, with 
complete absence of elastic tissue in extensive 
areas of the media (Tung and Liebow, 1952, 
two cases—both of fusiform aneurysm ; Burry, 
1958, one case associated with aortic stenosis). 

2. Marked elastic tissue change associated 
with ‘“cysts’’ of mucoid material and 
proliferation of smooth muscle (Baer ef alii, 
1943; Reynolds, 1950; Sloper and Storey, 
1953, and Marvel and Genovese, 1951—cases of 
fusiform aneurysm; Tobin e¢ alii, 1947 and 
Goyette and Palmer, 1953—cases of dissecting 
aneurysm ; and Dimond ef alii, 1957 and the 
Case Records of the Massachusetts General 
Hospital, 1957— cases of combined fusiform 
and dissecting aneurysm). 

In most of the cases in these two groups it 
is clear that the material studied histologically 
was taken from the grossly dilated portion of 
the aorta ; indeed, this is sometimes specifically 
stated (Reynolds, 1950), and only Tobin et alu 
(1947) are definite that the changes found were 
present in areas of the aorta not the site of 
gross macroscopic abnormality. 

3. Elastic tissue changes associated with 
“cystic” areas, but with no smooth muscle 
abnormality (Moses, 1951; Thomas et alii, 
1952; Traisman and Johnson, 1954—cases of 
fusiform aneurysm; Neilsen and Sullivan, 
1956 ; Whittaker and Sheenan, 1954 ; Coleman, 
1955—cases of dissecting aneurysm; and 
Anderson and Pratt-Thomas, 1953—in a macro- 
scopically normal aorta with coincident 
aneurysm of the pulmonary artery). 

4. “Cystic”? change with minimal or no 
abnormality of elastic tissue (Austin and 
Schaefer, 1957; Pappas et alii, 1957, and 
Macleod and Williams, 1956—cases of dissecting 
aneurysm). Thus all components of the aortic 
wall—elastic tissue, muscle and _ intercellular 
substance—have been described as affected 
either singly or in combination in this condition, 
and the degree of alteration has varied from 
complete disorganization to a slight “ cystic” 
change. 

In the aortas from the cases in the present 
series, considerably less abnormality was seen 
than in most previously described—two, indeed 
(Cases III and V), were indistinguishable from 
normal aortas (Figures VII and VIII). Definite 
change in elastic tissue was present in four 
cases (Cases I, IV, VI and VII), and minimal 
or doubtful generalized elastic thinning in one 
(Case II). In Cases I, IV and VI the changes 
seen were gross, with rupture of some elastic 
fibres, fragmentation of others and complete 
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toss of the normal pattern. In Case VII, 
fragmentation without disorganization was 
present. Although the changes in these cases 
resemble many illustrations in the literature, 
striking features were the sparse distribution 
and focal nature of the altered areas. Most of 
the elastic tissue in each case was normal in 





Figure VII 


The aortic wall from a specimen removed at operation 
in Case II, showing regular arrangement of the 
elastic lamella surrounding an area of intramedial 
dissection. (Weigert’s elastic tissue stain, X90) 


appearance and distribution, with only one or 
two localized areas of damage involving perhaps 
a dozen elastic lamellz in any one histological 
section. In many of the recorded cases, it is 
impossible to determine from either text or 
illustration the extent of the elastic tissue 
damage described, so this divergence from other 
reports may be largely apparent. 

If it is not, there are several possible 
explanations. It may be that not enough 
material was examined, or that all abnormal 
areas were involved in and destroyed by the 
process of dissection which had occurred in 
every case in the present series. With regard 
to the first objection, at least two large blocks 
were examined from each case, and in Case II 
five blocks were taken from widely separated 
areas of the thoracic aorta ; it is very significant 
that in this case no definite abnormality of 
elastic tissue was found. This extent of 
examination seems at least as great as in most 
recorded cases. The second objection is unlikely 
to be valid—abnormality quite separate from 


the areas of dissection has been described many 
times, and was present in the four cases in this 
series in which abnormalities were present. 
Further, it is easy to demonstrate at autopsy 
that the abnormality in dissecting aneurysm— 
whether in Marfan’s syndrome or not—affects 
the greater part, if not the whole length, of 
the aorta; when these specimens are handled 
in the fresh state, it is difficult to avoid rapid 
extension of any medial splitting present, the 
wall of the aorta resembling layered wet blotting- 
paper rather than its normal firm elastic 
structure. This fragile state of the aorta may 
make it difficult to determine whether tears 
communicating with the lumen were present 
ante mortem or are post-mortem artefacts 
(Hurley and Birrell, 1956). 

A third and more likely explanation of much 
of the difference is that the cases recorded in 
the literature included many cases of fusiform 
aneurysm in which sections were taken from 





Figure VIII 


The aortic wall in Case IV, showing regular arrange- 
ment of the elastic lamellz surrounding the termina- 
tion of an area of intramedial hematoma. No 
abnormality of the media was detected in this case. 
(Picro-Gomori stain, x90) 


grossly abnormal areas of aorta, and that the 
changes seen in these sections represent the result 
of the aneurysmal dilatation and not its cause. 
Similar changes in elastic lamelle may be 
observed commonly in syphilitic or arterio- 
sclerotic aneurysms, but are not usually regarded 
as the cause of the dilatation in these conditions. 
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It appears significant that in the majority of 
cases in which gross elastic defects have been 
described, fusiform rather than dissecting 
aneurysm was present. 

McKusick (1955) notes this, and divides the 
changes seen into two groups: (i) early— 
indistinguishable from Ernheim’s medio-necrosis 
cystica (Erdheim, 1929, 1930), which he does 
not describe ; (ii) late, as in the case of Baer 
et alit (1943). The changes described by 
Erdheim will be discussed below; but cases 
such as those described by Baer et alii and by 
Tung and Liebow leave no doubt that gross 
elastic abnormalities may be present in the 
aorta in this syndrome as a primary change. 
However, it is probable that the literature 
exaggerates the frequency and significance of 
such major degrees of elastic tissue damage. 

The abnormalities involving smooth muscle 
are less important. Wherever gross elastic 
tissue damage has occurred, irregularity of 
adjacent smooth muscle cells must result. A 
clear demonstration of a similar irregularity of 
muscle-cell alignment can be obtained in the 
normal aorta, in the region adjacent to its origin 
from the aortic valve ring. Here the elastic 
fibres lose their regular arrangement, and the 
appearance that results closely resembles that 
described in association with elastic fibre defects 
in Marfan’s syndrome. Only in the case of 
extreme elastic tissue deficiency is there clear 
evidence that excess proliferation of muscle, 
presumably compensatory, has occurred. In 
other cases illustrated in the literature, the 
changes in muscle are clearly a secondary 
phenomenon, and indeed in many cases, as 
stressed by Macleod and Williams (1956), 
decrease rather than increase in muscle cells 
may occur, particularly in relation to “ cystic” 
spaces. The changes seen in the present series 
strongly support Macleod’s conclusions. 

With regard to the third main element in the 
aortic wall, the intercellular substance, there is 
general agreement that this shows changes in 
the great majority of cases. These may be of 
two kinds—a generalized increase, or a focal 
increase associated with defects of elastic tissue, 
muscle or both. In either case the material 
retains its normal staining properties—those of 
a mucopolysaccharide—and in well fixed 
material is homogeneous. With poor fixation 
bubbles or “‘ cysts” may be seen in the inter- 
cellular substance, and many authors have 
identified these as the cystic element of 
Erdheim’s medio-necrosis cystica. Study of 
his papers reveals this to be an error—the cysts 
Erdheim described were lakes or collections of 
intercellular fluid, some large enough to be seen 
with the unaided eye and giving a cystic 


appearance to the cut surface of the aortic 
media. In association with these cysts Erdheim 
found gross defects of elastic tissue and apparent 
proliferation of smooth muscle, with the 
production of an appearance very similar to 
that in the case of Baer e¢ alii (1943). Mallory 
(1950) could not distinguish the two, although 
Baer claimed to be able to do so. Whether 
such distinction is possible or not, there is no 
doubt that gross abnormalities of this type are 
present in only a minority of cases of Marfan’s 
syndrome. In his two papers Erdheim described 
only two cases, both in great detail, each one 
of rupture of an aneurysm of the ascending 
aorta, one large and one small, occurring in 
elderly people. Neither was accompanied by 
any dissection, and the changes he found in 
each case were specifically stated to be confined 
to the area of the aneurysm. The identification 
of any abnormality of the aortic wall associated 
with increase in ground substance, with or 
without the presence of ‘‘ cysts ”’ due to fixation, 
with the lesion described by Erdheim is both 
inaccurate and confusing; but such identifi- 
cation appears frequently in the literature. 
Further, as Macleod and Williams (1956) point 
out, most of these lesions are neither cystic nor 
necrotic. In no case in the present series were 
either cells or fibrils identified in the areas of 
increased intercellular substance. This agrees 
with the findings of Bunting and Bunting (1953), 
and nothing was seen to support the contention 
of Gore and Seiwert (1952) or of Gore (1952) 
that the appearances seen are due to the presence 
of myxomatous tissue in the aortic wall. 
Erdheim’s (1930) aspiration of mucoid fluid 
from a macroscopically visible cyst, appears to 
dispose finally of Gore’s claim. 

Whether the focal form of increase of inter- 
cellular substance is primary or secondary to 
elastic or muscular change is difficult to 
determine; but the generalized increase, 
occurring as it may unaccompanied by other 
abnormalities, is clearly a primary change. In 
interpreting its significance, the fact that gross 
alterations in the appearance of intercellular 
substance may result from delay in fixation is 
very important. This is clearly brought out 
by the contrast between the biopsy and autopsy 
specimens in Case II, the former showing only 
slight generalized increase in_ intercellular 
material, and the latter an increase so great as 
to produce a “blown up” appearance of the 
whole media accompanied by changes in both 
muscle and elastic tissue (see above). Similar 
and more rapid autolytic change may be shown 
to occur in the aorta of the rat (Menzies and 
Mills, 1957). As some degree of autolysis is 
unavoidable in all human autopsy material, 
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the interpretation of minor generalized changes 
in intercellular substance as abnormal is of 
doubtful validity. 

The findings in the present series suggest that 
the primary abnormality in Marfan’s syndrome 
is a defect in the intercellular substance, rather 
than of elastic tissue, as McKusick (1955) 
claims. The chief evidence for this hypothesis 
is that abnormality of intercellular substance 
can be found in almost every case, whereas 
elastic defects, even of a minor nature, are 
not uncommonly absent even in cases in which 
gross dissection has occurred. The widespread 
occurrence of lesions in Marfan’s syndrome in 
tissues other than the aorta supports this 
conclusion. Some of the most prominent of 
these, particularly the skeletal deformities, occur 
in tissues where elastic fibres either are absent, 
or are present in only very small amounts, and 
a lesion of the intercellular or ground substance, 
ubiquitous in the connective tissue, would afford 
a more rational explanation of the abnormalities 
found. Although the lesions may not be 
strictly comparable, in the only method for 
experimentally producing spontaneous aortic 
dissection in animals—the feeding of Lathyrus 
odoratus seeds or their active principle beta- 
aminopropionitrile or related compounds—the 
first detectable lesion is an abnormal 
accumulation of intercellular substance, which 
clearly precedes any elastic tissue defect 
(Menzies and Mills, 1957). 


The presence of two cases (Cases III and V) 
in which no abnormality was seen in any 
component of the aortic wall suggests that the 
postulated alteration in ground substance may 
occur without detectable morphological change. 
This is quite possible in the light of modern 
views that ground substance consists largely of 
a mixture of polymerized polysaccharides in 
colloidal solution. The observation that 
chemical analysis of the aortic wall indicates 
no significant change in its hexosamine content 
supports this conclusion. It would seem that 
the increase in intercellular substance seen on 
histological examination represents a wider 
dispersion of mucopolysaccharides, accompanied 
presumably by decrease in its degree of 
polymerization, rather than an increase in total 
mucopolysaccharide present. 
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A SURVEY OF LEUKEMIA IN THE COMMONWEALTH! 


R. S. Cotton? 
From the Department of Medicine, University of Adelaide 


SUMMARY 
A study is presented of the type, age and sex incidence of leukemia in Adelaide public hospitals 
from 1933 to 1953, and of the numerical incidence of the disease from mortality rates in both South 
Australia and the Commonwealth of Australia from 1929 to 1056. 
The findings indicate that a considerable increase in mortality rates in both State and Commonwealth 
has occurred, and that this increase has been comparable to that reported from the United States of 
America. In South Australia, the incidence of deaths from leukemia per 100,000 rose from 1-03 in 1929 


to 5°18 in 1956. 


In the Commonwealth as a whole, the rise over the same period was from 1-88 to 5-21. A statistical 
analysis of the Commonwealth figures suggests a steady rate of increase from 1940 to 1945 and from 1947 
to 1956, with a sudden increase in frequency of deaths at 1947. The rate of increase from 1933 to 1940 


, 0/ 
was nearly 10% per annum. 


The mortality rates for 1933, 1940, 1947 and 1954 divided into quinquennial age periods also suggest 
that the increase after 1940 has been mainly in the older age groups. 

The type, age and sex incidence studied from 295 hospital cases in Adelaide show few unusual features. 
Chronic myeloid leukemia was the commonest type, but a greater increase in acute leukemia and the 
chronic lymphatic type had occurred over the final ten years of the survey. 

No obvious seasonal trend or pattern of presentation of acute leukemia is noted ; but more patients 
were admitted to hospital from the metropolitan area of Adelaide as opposed to rural areas, than would 


be accounted for by differences of population. 


THE aim of this survey was to study the 
incidence and features of leukemia in South 
Australia, and the mortality rates from the 
disease in both South Australia and the 
Commonwealth of Australia. 

It was thought that the most accurate data 
of numerical incidence could be obtained only 
from mortality rates, but that information from 
hospital records would be necessary to study 
type incidence. 

The survey is therefore presented in two 
parts. Part I is a study in detail of 295 patients 
with leukemia admitted to the two public 
hospitals in Adelaide between 1933 and 1953. 
Part II gives the annual mortality rates in 
South Australia and the Commonwealth from 
1929 to 1956, with some statistical analysis of 
the latter figures, and data on the age and sex 
distribution of the population. 


Part I: Hospitat INCIDENCE IN 
SouTH AUSTRALIA 
There are only two public hospitals in 
Adelaide, the Royal Adelaide Hospital and the 
Adelaide Children’s Hospital. Since Adelaide 
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is the only major city in South Australia and 
the only centre where radiotherapy is available, 
it was thought that it would be possible to 
trace the majority of the chronic cases occurring 
in this State, and that a large proportion of 
the patients with acute leukemia would also be 
referred to these hospitals. 

The records of a total of 295 patients admitted 
to hospital from the beginning of July, 1933, to 
the end of June, 1953, were studied, the data 
being obtained from their clinical notes. Some 
information on a further 48 patients treated 
privately was made available by their 
practitioners. These are not included in the 
hospital figures and are reported separately. 

The series included only those cases in which 
a definite diagnosis of leukemia had been made. 
Bone marrow examination became a routine 
diagnostic procedure here in 1944-1945, but 
many such examinations were made prior to 
this, and autopsies were performed when 
possible. 


Definitions 
The leukemia was classified as ‘“‘ acute ’’ when 
the cell picture was predominantly “ blast ’’ in 
type, the total duration of the illness usually 
did not exceed six months, and the clinical 
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picture was not suggestive of an acute 
termination of chronic leukemia. 

‘“ Aleukemia ’’ was said to be present when 
the total peripheral white cell count did not 
initially exceed 10,000 per cubic millimetre. 


TABLE I 
Incidence of Types of Leukemia in Hospital Series 














| Number | Cases | Percentage 
Type | of | Percentage} of of Each 
Cases | |Aleukemia| Type 
| | | 
rs = } 
| | 
Acute myeloid 62 21-0 | 8 | 129 
Acute lymphatic | 51 17°3 | 20 | 39°2 
Acute (unclassified) | 24 8-1 7 | 292 
| 
| | 
Total acute .. | 137 | 464 | 35 | 25°5 
Chronic myeloid . . 77 | 26x | 2 2:6 
Chronic lymphatic | 62 | 21'0 6 9°7 
Monocytic aye 19 6°4 | 3 | 15°8 
| 
Tr | } | 
Total 7 295 | 100°0 | 46 | 15°5 


Type Incidence 

Cases of acute and chronic leukemia were 
divided into the two usual groups of myeloid 
and lymphatic, with a third group of acute 
cases to include those in which a type diagnosis 
could not be made. These were known as acute 
(unclassified). Cases of monocytic leukemia 
were shown as a separate group. The incidence 
of these six types is shown in Table I, with 
the number of aleukzmic cases in each group. 

It will be seen that there were 77 cases of 
chronic myeloid leukemia (26%), 62 of chronic 
lymphatic and acute myeloid leukemia (21%), 
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Age and sex incidence in 62 cases of acute myeloid 
leukemia. Age range: 4 weeks to 82 years 


and 51 of acute lymphatic leukemia (17%). A 
further 24 cases (8%) were acute (unclassified), 
and there were I9 cases of monocytic leukemia, 
of which only one could be classified as chronic 
leukemia. 

If the monocytic group was omitted, there 
were 137 cases of acute leukemia and 139 of 


chronic leukemia. The highest proportion of 
aleukemic cases clearly was in the acute 
lymphatic group (39%) and the lowest in the 
chronic myeloid group (2°6%). 
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Age and sex incidence in 51 cases of acute lymphatic 
leukemia. Age range: 8 months to 72 years 


Age and Sex Incidence 


The age and sex incidence of each type is 
illustrated in Figures I to VI. Tables II and 
III give similar information, dividing the cases 
into acute, chronic myeloid and_ chronic 
lymphatic, and the combined cases are shown 


in Table IV. 
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Age and sex incidence in 24 cases of acute leukemia 
(unclassified). Age range: 8 months to 68 years 


Acute Leukemias.—Cases of acute leukemia 
presented at all ages. Twenty-seven of the 
cases (17°5%) occurred over the age of 50 
years, but the most striking feature was the 
usual high incidence of acute lymphatic 
leukemia in young children. Thirty-four out of 
51 of these patients were in the first decade of 
life, and the youngest patient was eight months 
old. The age distribution of the acute 
(unclassified) cases (Figure VI) suggested that 
many of these were in fact acute lymphatic 
leukemia. Monocytic leukemia occurred at 
all ages, but 8 of the 19 cases presented between 
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4o and 50 years. There was little significant 
difference in the sex distribution of the acute 
leukemias, except in the lymphatic variety, 
where there were 31 male and 20 female patients. 
However, in this type, it was noticeable that 
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Age and sex incidence in 19 cases of monocytic 
leukemia. Age range: 2 years 2 months to 79 years 


the sex distribution was fairly even in the first 
two decades in which the incidence was highest, 
but no cases occurred in females after the age 
of 25 years. 

Chronic Leukemia.—In the chronic leukemias, 
there were notable differences between the 
types in both age and sex distribution. Chronic 
myeloid leukemia showed a wide age range, 
from 2 years and 10 months to 78 years, and 
the most frequently affected age group was 50 
to 59 years—z2o0 cases. In contrast, only four 
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Age and sex incidence in 77 cases of chronic myeloid 
leukemia. Age range: 2 years 10 months to 78 years. 
Average, 45°8 years 


cases of chronic lymphatic leukemia occurred 
before the age of 40 years, and the majority of 
patients presented between the ages of 55 and 
75 years. The oldest patient in the survey, a 
woman of 88, was in this group. There was the 
usual high proportion of males in the chronic 
lymphatic leukemia group (only 13 females to 
49 males). On the other hand, chronic myeloid 
leukemia affected slightly more females than 
males, the proportion being 43 to 34. 


Acute and Chronic Leukemias.—The age and 
sex distribution of the combined cases is shown 
in Table IV. It will be seen that 23% of all 
cases occurred in the first decade of life, and 
40% after the age of 50 years. There was a 
fairly even age distribution in the remaining 
years. The proportion of males to females was 
168 : 127. 
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Age and sex incidence in 62 cases of chronic lymphatic 
leukemia. Agerange: 21 years to 88 years. Average, 
60-7 years 


Type and Age Incidence 1933-1943 and 
1943-1953 
In order to determine whether any marked 
change in either the type or the age incidence 
of leukemia had occurred, it was necessary to 
compare these features over the two decades of 
the survey. From this comparison (Table V) 
it will be seen that the greatest total increase 


TABLE II 


Age and Sex Distribution of Acute Leukemia 
(Including Monocytic) 


Subjects 
Age 
(Years) } | Percentage 
Male Female Total 
om @ .- as 32 33 65 41°9 
10 to1g .. ae I II 2 15°5 
20 to 2 6 6 12 7°7 
30 to 39 7 7 14 9°90 
40 to 49 9 4 13 8-4 
50 to 59 7 I 8 sa 
60 to 69 .. 7 6 13 84 >17°5 
7o and over 3 3 6 3°9)J 
Total oes 84 71 | 155 100-0 


was in the chronic lymphatic leukemia group, 
from 19 to 43 cases. The incidence of acute 
leukemia increased from 57 to 98 cases, and 
this increase occurred largely in the 0 to 9 years 
age group (20 to 42 cases) and in the over 50 
years group (3 to 25 cases). The smallest 
increase was in chronic myeloid leukemia (30 
to 47 cases). 
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TABLE III 


Age and Sex Distribution in Chronic Leukemia 











Myeloid Lymphatic | 
Age : 2. we _ Z a i nasssnemsas,|  wpenold 
(Years) | and Percentage 
Male | Female Total Male Female | Total | Lymphatic 
oto 9 2 2 4 — — 4 2-8 
10 to 19 I 4 5 _ — _ 5 3°6 
20 to 29 3 6 9 3 _— 3 12 8-6 
30 to 39 6 4 10 I - | I II 7°9 
40 to 49 3 6 9 8 I 9 18 12°8 
50 to 59 Ir 9 20 | 9 4 | 13 33 23°6 
60 to 69 6 8 14 19 4 23 38! 271 bos 
7o and over 2 4 6 | 9 4 13 19 13°6 
| 
| | | | | | 
Total .. “4 34 43 77 | 49 13 62 140 100-0 


' Including one case of chronic monocytic leukemia. 


Seasonal Incidence of Acute Leukemia 


The month of admission to hospital of all 
patients with acute leukemia, including mono- 
cytic, was recorded graphically, and this is 


TABLE IV 
Age and Sex Distribution, all Cases 


Subjects 
Age 
(Years) 

Male Female Total Percentage 
eens Kate emake ee ee ae 
oto 9 .. i 34 35 | 69 23°3 
to to1g .. os 14 15 29 9°8 
20 to 29... oe 12 12 2 8-1 
30 to 39—t««. <5 14 II 2 8-4 
40 to 49 .. ae 20 | Ir | 31 | 10°5 
50 to 59 .. _ 27 14 41 13°8 
60 to 69 .. eo 33 18 51 17°6 | 39°8 
70 and over oe 14 II 25 8-4) 

Total -» | 168 127 295 100°0 


illustrated in Figure VII. The cases appear to 
have presented in an irregular manner following 
no discernible pattern. There were, however, 
several periods in which noticeable increases 





the first eight months of 1948. Conversely, in 
the years 1942, 1943 and 1949, the hospital 
incidence of the disease decreased considerably. 

The different types of acute leukemia also 
appeared irregularly, but 7 of the 18 cases of 
acute monocytic leukemia presented in one 12 
month period from 1947 to 1948. Twenty-three 
patients were admitted to hospital in June, 17 
in October and 16 in December, and _ the 
admissions of the remainder were distributed 
fairly evenly over the other months. 


Geographical Incidence of Acute Leukemia 


The geographical incidence of the acute cases 
was studied simply from the home addresses as 
given on the patients first admission to hospital. 
It was not possible to check the duration of 
stay at this address. It was found that cases 
came from most of the more heavily populated 
rural areas of the State, and that the urban 
cases also were widely distributed, with little 
significant difference between industrial and 
residential areas. 


A total of 108 cases presented from the 
metropolitan area of Adelaide and 47 cases came 











occurred—namely, the second half of 1945 and from rural areas, a ratio of 2:3: 1-0. In 1933, 
TABLE V 
Type and Age Incidence of Leukemia, 1933-1943 and 1943-1953 
a oa satelite poakinekane enennnnenenemenemenenemne a 
| 1933 to 1943 | 1943 to 1953 
Age (Years) | | j oe | : — - - 
| Total | Chronic | Chronic | Total Chronic | Chronic 
Acute Myeloid | Lymphatic Acute Myeloid | Lymphatic 
| | 
a uae Omen a wee 
oto 9 - se oe 20 — — | 42 4 | = 
to to 19 oe oe ee 12 3 | —_ | 13 2 | ~— 
20 to 29 *, ae ee Ir I 3 | 2 8 | — 
30 to 39 oe op as 6 4 | I | 7 6 } os 
40 to 49 ms 3% os 5 5 | I 9 4 8 
50 and over oe oe 3 17 | 14 25 23 | 35 
Seanwers | aay | - 
Total . . 57 30 | 19 98 47 | 43 
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there were more people living in the metropolitan 
area (I°2:1°0), and in 1954 this trend had 
increased further (1-5 : 1-0). 

It thus appeared that more patients with 
acute leukemia were admitted to public hospitals 
from urban districts than would be accounted 
for by the distribution of population. However, 
it was possible that more of the patients with 
acute leukemia in country areas would not be 
referred to hospital in the city, mainly because 
of the long distances involved in travel. 
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leukemia. Very little information about them 
was available except the type of disease and 
the year of diagnosis. The cases were spread 
fairly evenly over the 20 year period. 


ParT If: LEUK#&MIA MORTALITY RATES IN 
THE COMMONWEALTH AND IN SOUTH 
AUSTRALIA, 1929-1956 

Mortality rates were expressed as the number 
of deaths from all types of leukzemia per 100,000 
of the population per annum. Most of the 
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Figure VII 


Monthly hospital admissions for 


Incidence of Leukemia in Hospital Admissions 

Table VI illustrates the number of new cases 
of all types of leukemia occurring in biennial 
periods, expressed as a proportion of the total 
number of hospital admissions over the period 
1933-1953. There is a wide fluctuation in these 
results, but the average figures taken for the 
two decades show a rise in the incidence from 
I:1479 to 1: 1095. The periods of maximum 
incidence were 1945-1947 (I: 916) and 1I95I- 
1953 (I : 967). 

Private Cases 

Some information on a further 48 cases 
presenting in South Australia from 1933 to 
1953 was supplied by private practitioners. 
These comprised 25 cases of chronic myeloid 
leukemia, 16 of chronic lymphatic leukemia, 
five of acute myeloid leukemia, one of acute 
lymphatic leukemia and one of monocytic 





acute leukemia, 1933 to 1953 


necessary data were obtained from Demography, 
the Bulletin of the Commonwealth Bureau of 
Census and Statistics, Canberra. One difficulty 
was presented by the definition of leukemia as 
a cause of death. Before 1940 there was no 
separation of aleukemia from lymphadenoma, 
and the survey figures from 1929-1939 therefore 
refer only to deaths classified as due to 
“leuchemia”’. After 1940, the “ International 
List of Causes of Death”’ clearly differentiates 
“leukemia ’”’ and “ aleukemia’’ and lympha- 
denoma is classified separately. 

Three census years occurred over the period 
of the study—in 1933, 1947 and 1954. The 
populations for the remaining years are the 
official estimates at the end of June of each year. 


Commonwealth Rates 


The number of deaths from leukemia 
throughout Australia from 1929 to 1956 and the 
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incidence per 100,000 of the population are seen 
in Table VII, with the addition of statistical 
data. Over this period, there was an increase 
in the number of cases from 120 to 491, and the 











TABLE VI 
Biennial Incidence of Leukemia in Total Hospital 
Admissions 
Number | Number of 
Period of Hospital Incidence 
Cases Admissions 
1933 to 1935... 18 26,958 1/1498 
1935 to 1937... 21 28,590 1/1361 > Average 
1937 to 1939 _—.. 25 31,541 1/1262 1/1479 
1939 to 1941 .. 25 35,130 1/1405 
1941 to 1943... 17 31,785 1/1869 
1943 to 1945... 30 35,106 1/1170 
1945 to 1947... 43 39,411 1/916 Average 
1947 to 1949... 37 40,995 1/1108 | 1/1095 
1949 to 1951... 32 42,069 1/1314 
1951 to 1953... 47 45,470 1/967 














incidence rose from 1-88 in 1929 to a maximum 
of 5°21 in 1956. 

The actual rate of increase was studied 
statistically in Figure VIII. A second-degree 
polynomial curve was fitted by the method of 


TABLE VII 
Incidence of Leukemia in Commonwealth, 1929-1956 


| | | 
Proportion 








| Number per Fitted | Tolerance 
Year | of | 100,000 |Proportion|; +1 S.D. | Limits 

| Cases /Population 

| | 

| 

1929 120 1-88 1°75 1°55 1°94 
1930 117 1°82 1-89 1°70 2°08 
1931 | 142 2-18 2°03 1°84 2:22 
1932 131 2°00 | 2°16 1°97 | 2°35 
1933 125 1-89 j 2:28 2°09 2°48 
1934 170 2°55 | 2°40 2°20 2:60 
1935 168 | 2°50 | 2°51 2°31 2°72 
1936 182 | 2°68 | 2-62 2°41 2°83 
1937 207 | ge | az 2°51 2°93 
1938 189 | 2°74 | 2°81 2-60 3°03 
1939 185 | 2:66 | 2-*90 2-68 3°12 
1940 221 3°14 | 2:98 | 2°76 3°20 
1941 227 3°19 | 3°06 2°84 3°27 
1942 210 2°93 3°12 2°90 3°34 
1943 239 3°30 «| 3°19 2°96 3°41 
1944 228 oe nn es” 3°01 3°48 
1945 246 3°33. | 3°39 3°04 3°55 
1946 265 35. | —_ —_ — 
1947 325 4°29 | 4°33 4°05 4°61 
1948 354 e359 | 4% (| 4:54 4°68 
1949 341 4°31 | 4°49 | 4°23 4°75 
1950 376 69 || 4°87 4°32 4°82 
1951 376 | 4°46 4°65 | 4°40 4°89 
1952 423 | oe | ers jy ee 4°97 
1953 | 458 519 | 4°81 4°56 5°05 
1954 391 4°35 | 4°89 4°63 5°14 
1955 | 456 4°96 | 4°97 4°71 5°23 
1956 | 491 Sa |) Fe. ee 5°31 





| 
| 
| 


least squares to represent the period 1929-1945, 
and a straight line was fittted to represent 
1947-1956. 

The standard deviation tolerance curves were 
computed, Poisson variation in the number of 


cases per annum being assumed. The expected 
proportion of points within these limits jg 
approximately two-thirds. 

The rate of increase from 1940 to 1956, 
excluding the period 1945 to 1947, appeared to 
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FicureE VIII 


Mortality rates per 100,000 of leukemia in the Common- 
wealth, 1929 to 1956. The two outer interrupted 
lines indicate one standard deviation tolerance limit, 
and the central interrupted line the fitted proportions 


be steady, averaging about 1:7% per annum. 
However, the rate from 1945 to 1947 was 
equivalent to an increase of about 10% per 
annum. (The figure of 1-7°% was obtained by 


TABLE VIII 


Incidence of Leukemia in South Australia, 
1929-1956 








| Proportion 
Year | Number of per 100,000 
| Cases | Population 
1929... Ta 6 | 1°03 
1930 .. ot 7 } 1°21 
I193I .. a’s 9 | 1°56 
1932 .. rT 15 2+60 
1933 -- ot 8 1-38 
1934 -- ot 14 2°40 
1935 -- oo | 18 3°01 
1936... ae 19 3°2 
1937 -. ws 18 3°06 
1938 .. ba 2 3°88 
1939 .. “a 22 3°69 
1940 .. = 19 | 3°17 
1941 .. os 19 | 3°17 
1942 .. vie 25 4°Ir 
1943... - 22 3°59 
1944... a | 28 4°52 
1945... os 2 3°67 
1946 .. ant 34 5°36 
1947 .. os | 26 4°02 
1948 .. bi 37 5°60 
1949 .. oe | 24 3°53 
1950 .. ae 31 4°37 
I95I .. oe 2 3°96 
1952 .. + 35 4°64 
1953 -- se] 43 5°54 
1954 .- +. 38 4°77 
1955 -- “ 44 9°37 
1956... Pele 44 5°18 


| 
| 
| 


fitting two parallel straight lines to the logarithm 
of leukzemia incidence, in cases per 100,000 over 
the periods 1940-1946 and 1947-1956 
respectively.) 
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South Australian Rates 

The mortality rates over the same period for 
South Australia are shown in Table VIII and 
Figure IX. 

The incidence was only 1-03 in 1929, and rose 
in an irregular fashion to a maximum of 5-60 
in 1948, followed by a fall and then a steadier 
rise to 5°18 in 1956. 
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FIGURE IX 


Mortality rates per 100,000 of leukemia in South 
Australia, 1929 to 1956 


The number of cases in each year was 
relatively small, and this would account for 
many of the abrupt fluctuations in the graph. 

Although the abrupt rise in the Australian 
tates in 1946-1947, followed by the slower rise, 
was not reproduced, it was interesting to see 
that the increases from 1940-1956 for both the 
State and the Commonwealth were almost the 
same. In South Australia, the incidence rose 
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from 3°17 to 5:18, and in Australia, from 3°14 
to 5:21 over this period. The peak years for 
deaths in the State were 1946, 1948 and 1953. 


Age Incidence of Commonwealth Cases 


In order to examine the relation of age to 
death rates from leukemia throughout the 
Commonwealth, the mortality rates were 


TABLE X 


Age Distribution of Population of Australia 
(as Percentages) 

















Years 
Age 
(Years) 1931 to 1936 to | 1941 to | 1946 to | 1951 to 
1935 1940 1945 1950 1953 

oto 4 8-60 7°94 8-87 10°29 10°9!I 
5 to 9 9°46 8-17 7°52 8-17 9°29 
10 to 14 9°45 9°08 7°82 7-09 7°33 
15 to 19 9°20 9°06 8-64 7°40 6-54 
20 to 2 8-85 8-78 8-56 8-05 7°33 
25 to 2 8-02 8-43 8-19 8-o2 8-17 
30 to 34 7°42 7°62 7°98 7°74 7°71 
35 to 39 7°04 7°02 7°16 7°47 7°45 
40 to 44 6°95 6-62 6-61 6-63 6-92 
45 to 49 6-08 6-50 6°20 6-10 5°94 
50 to 54 5°02 5°60 5°97 5°50 5°36 
55 to 59 4°01 4°54 5°02 5°15 4°69 
60 to 64 3°42 3°51 4°00 4°30 4°28 
65 to 69 2°77 2°85 2°91 3°26 3°30 
70 to 74. 1-96 2°14 2°19 2°21 2°31 
75 and over 1°74 2°13 2°36 2-62 2°49 
oto 9 18-06 16-11 16-39 18-46 20°10 
50 and over 18-92 20°77 22°45 23°04 22°43 





calculated for 1933, 1940, 1947 and 1954 in 
quinquennial age periods (Table IX and Figure 
X). The age distribution of the population was 
known accurately in 1933, 1947 and 1954 
(census years), and estimates were used for 


1940. 


TABLE IX 
Commonwealth Mortality Rates in Quinquennial Age Groups, 1933, 1940, 1947, 1954 




















1933 1940 1947 1954 
Age (Years) | 

} Rates Rates Rates Rates 

| Deaths (per 100,000) Deaths (per 100,000) Deaths | (per 100,000) Deaths (per 100,000) 

| | 

| | | 
oto 4 cit 10 1°8 35 6-1 39 5:1 50 5:2 
5 to 9 6 | 1-0 21 4°0 20 3°3 33 3°7 
Io to 14 6 | 1-0 II 1°8 Ir 2:1 19 2°7 
15 to 19 6 1-0 9 I°4 14 2°4 16 2°7 
20 to 2 7 1-2 Ir 1°8 II 1-8 12 2-0 
25 to 2 7 I*3 9 B*§ II 1-8 II 1-6 
30 to 34 5 1'o 6 ) op 15 2°5 15 2-r 
35 to 39 4 0-9 4 o°8 17 30 16 2°5 
40 to 44 II 2°4 II 2°4 9 } 1-8 19 3°0 
45 to 49 5 I°2 16 3°6 19 | 4°1 19 $3 
50 to 54 9 2:7 13 3°2 21 4°9 28 5°8 
55 to 59 .. oo 12 4°6 14 4°1 2 7°3 24 6-0 
60 to 64 .. Son 9 4°0 20 7°8 30 9°3 33 8-7 
65 to 69 .. gel 13 71 17 8-5 32 13°I 29 9°6 
70 to 74 .. ea II 8-5 | II 7-1 26 15°5 34 16-2 
75 and over 4 3°5 | 13 8-3 | 21 10°5 36 15°5 

| 
Total .. 125 — 221 — 325 _ | 391 _ 
| 
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Examination of Figure X showed that from 
1940 to 1954 there was an actual fall in the 
death rates in the 0 to g years age groups, but 
that a very marked rise from 2-8 to 10-1 per 
100,000 had occurred between 1933 and 1940 
in this age group. 

It was clear that in each of the four years the 
highest incidence had been in the elderly groups, 
and that the most dramatic rise of all occurred 
in 1947 and 1954 in the 60 to 70 years group. 
The maximum incidence in 1933, 1947 and 1954 
was in the 70 to 74 years age group. 
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the figures for o to g and 50+ age groups are 
shown separately. 

Age.—It was interesting to see that the 
proportion of children aged under 10 years had 
actually decreased from 1931-1935 to 1936- 
1940, but had then risen steadily to the final 
period. The rise from 16-4% in 1941-1945 to 
20°1% in 1951-1953 was equivalent to an 
increase of about 2% per annum, but it was not 
possible to indicate how steady the rise had 
been. The actual death rates calculated for 
1940, 1947 and 1954 in this age group showed 


‘1947 


1933 
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FIGURE X 


Commonwealth mortality rates per 100,000 of leukemia, in quinquennial age periods, for the 
years 1933, 1940, 1947 and 1954 





Age and Sex Distribution of Population 

Although the results for 1933, 1940, 1947 and 
1954 indicate that the increased mortality was 
not caused by any change in the age distribution 
of the population in those particular years, the 
factors of both age and sex distribution of the 
population were studied in more detail from 
1931 to 1953 (Tables X and XI). 

This period was divided into five groups, and 
the percentage and sex ratios were calculated for 
each quinquennial age group. As leukemia 
predominates in early life and after middle age, 


a fall from 10-1 per 100,000 in 1940 to 8-9 per 
100,000 in 1954, so that it would seem unlikely 
that the increase in the numbers of children 
aged under Io years played any significant part 
in the rise in mortality. A similar study of the 
50+ age groups showed a rise from 18-9% in 
193I-1935 to 22-45% in 1941-1945, but this 
proportion has not changed very much in the 
succeeding years. The relative steadiness of 
the proportions of older people since the last 
war is probably mainly due to the influx of 
younger migrants into Australia. Since the 
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TABLE XI 
Sex Distribution of Population of Australia Expressed as Percentage of Each Group 











1931 to 1935 1936 to 1940 
Age (Years) | 
Male | Female Male Female | 
} 
oto 4 4°39 4°21 4°05 3°89 
5to 9 4°81 | 4°65 | 4°17 4°01 
10 to 14 4°80 | 4°65 | 4°61 4°46 
15 to 19 4°67, | 4°54 | 4°60 4°46 
20 to 24 o- . 4°51 4°34 4°45 4°33 
25 to 29 ee + | 4°16 3°86 4°30 4°13 
30 to 34 oe -» | 3°81 3°61 3°95 3°67 
35 to 39 -- | 3°48 3°56 3°60 3°42 
40 to 44 os -+ | 3°49 3°46 3°26 3°36 
45 to 49 . «)} £m 2°97 3°25 3°25 
50 to 54 os se | 2°58 2°44 2°85 2°75 
55 to £ a oe 2°03 1°97 2°31 2°24 
60 to 64 1°72 +70 1°75 1°77 
65 to 69 1°40 1°37 1°39 1°46 
70 to 74 “< vo | 0:99 0°97 1°05 1°09 
75 and over .. oo | Oty o'9gI 1-00 I-12 
oto 9 ws -- | gr2 | 8-86 8-22 7-90 
50 and over .. .. | 9°56 9°36 10°35 10°43 


greatest increase in leukemia mortality in 
Australia occurred soon after the war, it would 
also appear improbable that the changes in the 
number of older people at risk could have 
influenced the mortality very much. This is 
strongly supported by the striking increase in 
death rates in 1947 and 1954 in the older age 
groups (Figure X). 

Sex.—In Table XI, the sex distribution of 
the population is shown. It was considered 
that if this factor was playing any significant 
part in the increased mortality from leukemia, 
it would be most apparent in the 50+ age 
groups, because of the marked male pre- 
dominance in chronic lymphatic leukemia. 
The proportion of males aged over 50 was 
slightly higher in 1931-1935 (9°6% to 9-4%). 
However, since then there has been a steady 
increase in the proportion of females, until in 
1951-1953 the female percentage was I1-7 and 
the male 10-7. 


DIscusSION 

There have been only a few reports published 
on the incidence and features of leukemia in 
Australia. 

Thiersch (1947) studied 135 cases in Adelaide 
occurring between 1938 and 1946, and concluded 
that the incidence in South Australia closely 
corresponded with that in the United States of 
3°7 per 100,000, as reported by Sachs and 
Seeman (1947). Thiersch had also made a 
survey of acute leukemia in Sydney from 1938 
to 1942, and noted a peak on incidence in 1940 
and what he described as “a definite seasonal 
variation of incidence ’’. In his Adelaide survey, 
he included 102 cases of chronic leukemia, of 
which 54 were chronic myeloid, 41 chronic 
lymphatic and seven of the monocytic variety. 














1941 to 1945 1946 to 1950 1951 to 1953 
Male Female Male Female Male Female 
| 
ueeion Sinaneninnd 
4°52 4°35 5°26 5°03 5°58 5°33 
3°83 3°69 4°16 4°01 4°74 4°55 
3°98 3°84 3°60 3°48 3°74 3°59 
4°39 4°25 3°76 3°64 3°35 3°19 
4°32 4°23 4°07 3°98 3°81 3°52 
4°11 | 4°08 4°03 3°99 4°26 3°91 
4°04 | 3°94 3°87 3°87 3°94 3°77 
3°68 3°47 3°80 3°67 3°80 3°66 
3°36 3°25 3°44 3°19 3°58 3°34 
3°05 3°15 3°12 2-98 3°10 2°83 
2°96 3°01 2°69 2°80 2°70 2°66 
2°51 2°50 2°55 2-60 2-26 2°43 
1-98 2°02 2-11 2-19 2-08 2-20 
1°40 1°50 1°56 1:70 1-56 1°74 
1°03 1-16 I-‘or 1°20 I-05 1-26 
1-09 I-31 I°I5 1°46 I-05 1°44 
8°35 | 8-04 9°42 9°04 10-32 9°88 
10°97 II-5 II-07 II°95 10°70 11°73 





Thorold Grant (1947) also described 36 cases 
presenting at the Adelaide Children’s Hospital 
between 1935 and 1946. 

Lancaster (1955) reported on the mortality 
rates from leukemia in Australia by age groups 
over periods from 1908 to 1950. These results 
showed that a considerable increase in death 
rates had occurred for all ages and both sexes. 
The most striking increase had been in the 
65 to 74 years age group, in which the rate had 
risen from 49 per million per annum for males 
in Ig2I-1930 to 159 in 1946-1950. The 
corresponding rate for females increased from 
40 per million per annum to I15. 

There would seem to be no doubt that 
leukemia in increasing in many countries. In 
an interesting paper, Hewitt (1955) showed that 
the incidence in England and Wales had risen 
by more than two and a half times from 1931 
to 1953, allowing for changes in the age 
distribution of the population. The highest 
incidence reported came from the U.S.A. and 
Denmark. 

Cooke (1954) studied the mortality rates in 
the U.S.A. for the years 1930 to 1949. The 
rate rose steadily, from 2-I per 100,000 in 1930 
to 5°5 in 1949. She pointed out that the 
greatest increase had occurred over the age of 
50 years, and that this increase was of such 
magnitude as to indicate an actual increased 
frequency of the disease. 

This trend has been reported from many 
countries, and Gunz and Hough (1956) in a 
recent New Zealand study were able to confirm 
it. They also found that the acute leukemias, 
in addition to the chronic forms, had increased 
notably over the age of 50 years. 

In the present survey, the mortality rates for 
different age groups in 1933, 1940, 1947 and 
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1954 strongly suggest that a similar change has 
occurred in Australia, and that the most striking 
example of this was seen between 1940 and 
1947, particularly in those between 60 and 70 
years of age. 

One of the most interesting features in the 
annual Commonwealth mortality rates (Figure 
VIII) was the relatively rapid rise in incidence in 
1947. However, from 1933 to 1940, the rate 
increased from 1-89 per 100,000 to 3:14, 
equivalent to an increase of 10% per annum. 
The flattening out of the curve from 1940 to 
1945 does not suggest that the omission of cases 
of “aleukemia” prior to 1940 appreciably 
affected the results. In fact, there was only 
one case of “aleukemia’’ recorded in the 
mortality tables in 1940, and in 1947 there were 
eight cases. 

One possible explanation for the apparent 
sudden increase in mortality after the war may 
be related to the more frequent use of bone- 
marrow biopsy as an aid to diagnosis. As has 
already been stated, this became a routine 
procedure in Adelaide in 1944-1945. That 
improved diagnosis may be a factor is, to some 
extent, also supported by the analysis of cases 
of acute leukemia in subjects aged over 50 
years presenting in the two decades of the 
South Australian hospital series (Table V). 
Only three out of 57 patients with acute 
leukemia were over the age of 50 years from 
1933 to 1943, but in the next decade, 28 patients 
were in this age category in a total of 98. 
Since 1947, however, the factor of improved 
diagnosis is less likely to have influenced the 
death rates, which have nevertheless continued 
to rise steadily. 


The tendency of the rising curve of Common- 
wealth mortality rates to decrease slightly 
during the War years, and then abruptly 
increase in 1947, made it necessary to study any 
effect on these figures of the absence of personnel 
in the Services. It was found that very few, 
if any, of the deaths in the Services would have 
been included in official death rates. On the 
other hand, population estimates during the 
War years did include those in the Services. 


An attempt was made to obtain information 
from the Defence Department on the actual 
number of leukemia deaths, but records were 
incomplete, showing 28 deaths in the Army, 
one in the Navy and six in the Air Force. 


The average death rate in 1947 for the 
20-44 years age group was about 2-2 per 100,000. 
Assuming a total of about 500,000 in the 
Services in any one year, the expected number of 
deaths from leukemia would have been Io or 12 
a year. 


On this basis, the adjusted mortality rates 
would be, in fact, slightly higher from 1940 to 
1946, but the increase would not make much 
difference to the curve, and would not provide 
an adequate explanation for the changes over 
this period. 

Surveys in some other countries have shown 
an increasing frequency of lymphatic leukemia 
in distinction to the myeloid type. Gauld, 
Innes and Robson (1953) found this particular 
trend in a hospital survey in Scotland, where 
chronic lymphatic leukemia (32%) was more 
frequent than chronic myeloid (26%). On the 
other hand, Hewitt (1955), from death statistics, 
found that the ratio of myeloid to lymphatic 
leukemia was higher in England and Wales than 
in Scotland during the period 1950-1952, and 
for the United Kingdom, in the period 1950- 
1953, myeloid leukemia accounted for 45% of 
all leukemia deaths, lymphatic for 37%, and 
monocytic for 9%. In Brooklyn, U.S.A,, 
MacMahon and Clark (1956) noted that chronic 
lymphatic leukemia (26%) was commoner than 
chronic myeloid (21%). 

In the present survey, it was possible only to 
analyse the type incidence from the hospital 
series, which showed 26% chronic myeloid, 
21% chronic lymphatic and 46% acute 
leukemia. A closer analysis of the types from 
Table V shows that the greatest increase over 
the two decades has in fact been in the chronic 
lymphatic type. However, the figures are 
numerically small, and too much significance 
cannot be attached to them. 

Analysis of the percentages of cases of chronic 
myeloid and chronic lymphatic leukemia 
presenting after the age of 50 years in this 
series agreed with the figures of Cooke (1954), 
who showed that these percentages had been 
progressively rising since 1917. 

No very unusual features were noted in the 
sex or type incidence of the different varieties 
of acute leukemia. The difficulty of making an 
accurate diagnosis of the type of acute leukemia 
is well known, and 24 cases could not be 
classified. Table WV _ suggested that acute 
leukemia had occurred with considerably more 
frequency over the age of 50 years in the final 
decade of the period under review. However, 
only 17°5% of all cases of acute leukemia 
occurred after the age of 50 years (Table II). 
Gunz and Hough (1956) analysed all deaths 
from leukemia in New Zealand during the 
five-year period 1950-1954. They found that 
46% of cases of acute leukemia occurred over 
the age of 50; but their figures were obtained 
from death certificates, and the range of cases 
included in their ‘acute leukemias” was 
probably wider than in this survey. Admissions 
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to hospital for acute leukemia occurred without 
any significant seasonal predominance. The 
finding that a higher proportion of cases of acute 
leukemia came from the metropolitan area of 
Adelaide than from rural areas is of interest ; 
but the accuracy of this observation is open to 
some doubt, because of the possibility of 
unrecorded recent changes of address. 
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A FATAL CASE OF ACUTE PHOSPHORUS POISONING! 


C. W. CRANE,” P. EBELING? AND A. B. BENTLEY* 


From the Clinical Research Unit of the Walter and Eliza Hall Institute of Medical Research and the 
Royal Melbourne Hospital, Melbourne 


SUMMARY 
A typical, fatal case of phosphorus poisoning is described. Examination of the urine over the final 
three days showed a progressive fall in the total nitrogen excretion, with grossly elevated values for 
a-amino nitrogen. Plasma and urinary aminoacid chromatograms suggest that tubular damage was a 
factor in the production of the aminoaciduria. The urinary aminoacid patterns differed in several respects 
from those reported in other conditions causing hepatic coma. Cystine and taurine concentrations were 
low, while argirine and beta-aminoisobutyric acid could not be detected. Arginine was detected only 


after hydrolysis of the urine. 


FaTAL yellow phosphorus poisoning is no 
longer common in European communities. The 
industrial use of this highly toxic substance is 
now restricted, owing to its almost universal 
prohibition in the match industry; but it is 
still available to the public in many countries 
in the form of rat and roach poisons, where it 
is usually mixed with molasses. Acute poisoning 
in adults (Swinton, 1927; Diaz-Rivera et alit, 
1950; Caley and Kellock, 1955) is usually 
suicidal, but children have been the victims of 
poisoning through accidentally eating poison 
bait (McIntosh, 1927; LaDue eft alii, 1944; 
Perry, 1953). 

The admission to the wards of the Clinical 
Research Unit in the Royal Melbourne Hospital 
of a patient four days after eating rat poison 
containing yellow phosphorus enabled us to 
investigate the changes of the nitrogenous 
composition of the urine for three consecutive 
days and to study the aminoacid patterns of 
both the urine and plasma. 


CAsE HISTORY 


A widow, aged 53 years, was admitted to hospital 
complaining of nausea and vomiting, burning epigastric 
pain, frontal headache, thirst and extreme exhaustion. 
Four days previously she had eaten what she thought 
to be peanut butter, but discovered that she had taken 
rat poison, which had been stored in a jar bearing a 
food label. She was unable to give any estimate of 
the quantity taken. (A tin of the identical poison 
produced by a relative consisted of a paste containing 
1:9% of yellow phosphorus.) She was unaware at 


1 Received on July 31, 1958. 

2 Biochemist, working with the aid of a grant from 
the Nuffield Foundation. 

3 Drug Houses of Australia Research Fellow. 

4 Biochemist, working with the aid of a grant from 
the National Health and Medical Research Council of 
Australia. 





the time of ingestion of any peculiar smell or taste of 
the poison, nor did she experience any nausea or pain. 
About five to seven hours later, however, the onset of 
nausea and vomiting coincided with severe burning 
epigastric pain and tenderness, and she noticed that 
the vomitus glowed in the dark. The following day 
she became very thirsty, the vomitus became watery 
and ceased to fluoresce. The epigastric pain and 
tenderness remained, and after taking an aperient she 
began to pass frequent watery stools. During the 
four days prior to her admission to hospital, she ate 
nothing, but she drank freely owing to intense thirst. 
The epigastric pain persisted, but the diarrhoea and 
vomiting had almost ceased by the fourth day, when 
she first sought medical advice, and was transferred to 
hospital. Investigation of her past history revealed 
that in 1941 she had undergone a hysterectomy. In 
1951 she suffered a nervous breakdown, after which her 
health slowly deteriorated, with loss of weight, appetite 
and energy. Further information from her doctor 
disclosed that she was a chronic alcoholic. There was 
nothing relevant in her family history. 

On physical examination the patient was rational, 
though drowsy and exhausted. The temperature was 
99°6°F, the blood pressure was 125/75 mm. Hg., and 
the pulse rate was 88 per minute and regular; the 
respirations numbered 20 per minute. The tongue 
was dry and coated. The skin was hot, dry and lax, 
and faint jaundice was present. Ecchymoses and 
petechiz were absent. Neither foetor hepaticus nor 
garlic odour was detected. The cardio-vascular and 
respiratory systems were normal. Tenderness and 
rigidity were present in the epigastrium, while the liver 
edge was palpable four fingers’ breadth below the right 
costal margin. A small recent hemorrhage was present 
in the right fundus, together with some patchy retinal 
atrophy. The cranial nerves, motor power and 
response to sensory stimuli of the limbs were all normal. 
All limb reflexes were equal and present, the biceps 
being extremely brisk. The abdominal reflexes were 
absent and the plantar responses were flexor in type. 

A diagnosis of acute phosphorus poisoning was made, 
and rehydration was begun immediately. Milk was 
given by a gastric tube, and a total of 4-8 litres of fluid 
containing glucose, electrolytes and vitamins was 
administered intravenously over the ensuing 30 hours. 
By the end of this period her condition had improved, 
and the urinary output was satisfactory. A painless 
ecchymosis covered the tip of the nose. Sensation was 
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unimpaired. She was placed on a light diet, and anti- 
biotics were administered. 

However, 48 hours after her admission to hospital, 
and six days after the ingestion of poison, a rapid 
deterioration in her condition took place. She became 
drowsy and disorientated, and was able to execute 
spoken commands only with difficulty. On examination 
of the patient, her temperature was 99-2°F., her pulse 
rate was 104 per minute and regular, her blood pressure 
was 120/80 mm. Hg. and respiratory rate was 24 per 
minute. Jaundice was more pronounced, and fcetor 
hepaticus was clearly recognizable. Her mouth and 
tongue were dry, her skin was warm and purplish 
mottling was present on her legs and thighs. The 
lungs were clear; an apical systolic murmur appeared, 
with accentuation of the mitral second sound. The 
liver was still enlarged. The pupils were normal. 
All the reflexes were exaggerated with voluntary 
spasticity of the limbs, but the plantar responses 
remained flexor. Sodium glutamate solution was given 
intravenously without effect. She rapidly became 
noisy and uncontrollable, and did not respond to 
paraldehyde given by intramuscular injection. Sedation 
was finally achieved with a small amount of 
“pentothal’’ given intravenously. Later she became 
deeply comatose, with diminished reflexes, and dilated 
pupils which reacted to light. Terminally she was 
deeply jaundiced with generalized bruising of the skin. 
Flaccid paralysis was associated with deep coma. The 
area of liver dullness was much diminished, and she 
was anuric. Tracheotomy was performed to relieve 
respiratory obstruction, but she died on the following 
day (fourth hospital day and eight days after ingestion 
of the poison). No faeces were passed during the four 
days in hospital. 

The failure of glutamic acid to influence the course 
of the hepatic coma accords with the experience of 
Caley and Kellock (1955). 


Investigations 

A number of investigations were carried out during 
her period in hospital. On her admission (four days 
after the poison had been taken) the biochemical 
findings were as follows: ‘serum bilirubin content, 
7°5 milligrammes per 100 millilitres; serum albumin 
content, 5°4 grammes per roo millilitres; serum 
globulin content, 2:4 grammes per 100 millilitres 
(gamma globulin 1-2 grammes per 100 millilitres) ; 
serum alkaline phosphatase, 20 King-Armstrong units 
per 100 millilitres ; blood urea content, 38 milligrammes 
per 100 millilitres; cephalin cholesterol flocculation, 
" ”: colloidal red test, ‘“‘o’’; thymol turbidity, 
2 units, with absence of flocculation. A blood count 
gave the following findings: the hemoglobin value 
was 12-7 grammes per 100 millilitres, the red blood 
cells numbered 4,300,000 per cubic millimetre, the 
colour index was 1:0; the white blood cells numbered 
3000 per cubic millimetre, 67°, being neutrophils, 
16% lymphocytes and 17%, monocytes; the platelets 
were normal. The results of the Wassermann and 
Kahn tests were negative. 

On the day when the patient died (eighth day after 
poison had been taken) the prothrombin level was 
20°, of normal, and the serum bilirubin content was 
12°5 milligrammes per 100 millilitres. 

Table I shows the values of the plasma electrolytes 
during treatment. The plasma electrolyte con- 
centrations were not grossly disturbed throughout the 
period of observation, apart from the initial raised 
sodium value due to dehydration. The output of 
sodium (Table III) in the first two days was very low, 
EE 
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showing that considerable loss of base had also occurred. 
The excretion of phosphate throughout the period was 
within normal limits. 


Post-mortem Findings 


A number of ecchymoses were present over the legs, 
arm and trunk, with widespread petechiz. Petechize 
were also present throughout the pericardium, pleura, 
peritoneum and brain. The blood was extremely fluid 
and showed little tendency to clot. The heart was 
normal. The lungs contained some blood aspirated 
from the tracheotomy wound. There were no 
ecchymoses or petechiz visible beneath the mucosal 
surfaces of the stomach or the small or large intestine. 
The gut contained a small amount of greyish material. 
The liver was shrunken, yellow and fatty, and multiple 
petechie covered the surface. Both kidneys were 
engorged with small subcapsular hemorrhages, and 
there was a medullary hemorrhage in the right kidney. 


TABLE I 
Plasma Electrolytes 
Milliequivalents per Litre 


lime 


Plasma 
Nat Kt cl co, 
On admission to hospital aie 150 3°5 101 
Day I: After intravenous 
therapy er Ne a3 141 4°2 106 24 
Day II: Before sodium 
glutamate therapy ae 140 3°6 104 26 
Day III: After 12 grammes 
of sodium glutamate _ 139 4°1 101 28 


Examination of a frozen section of the liver obtained 
by needle puncture immediately after death showed 
considerable necrosis of liver cells with replacement by 
fibroblasts, polymorphs and macrophages. Occasional 
proliferated bile ducts were seen. The surviving cells 
showed widespread fatty infiltration. In the kidney 
there was swelling and loss of nuclear staining in the 
tubules; this may, however, have been caused by 
post-mortem degeneration. 


Examination of the Urine. 


Three complete 24 hour specimens of urine were 
obtained. All specimens gave strongly positive results 
to tests for bilirubin, but urobilin was not detected. 
Traces of protein were found in all the specimens of 
urine, and there was a small amount of blood in the 
second and third specimens. Neither casts nor crystals 
of tyrosine or leucine were seen. 

Table II records the daily output of total nitrogen, 
alpha-amino nitrogen, ammonia, creatinine, creatine 
and uric acid, and Table III, the electrolyte excretion 
for the three days. The daily output of uric acid and 
creatine was on the lower limits of the normal range, 
while ammonia values for two days were slightly 
elevated. Creatine excretion was abnormally high and 
rose sharply on the final day, indicating damage to 
muscle tissue. 

Chromatography 

Plasma and urine were prepared for paper chrom- 
atography by methods outlined by Dent (1951). An 
amount of 0-65 millilitre of deproteinized and desalted 
plasma and volumes containing 0-25 milligramme 








68 C. W. CRANE, P. EBELING AND A. B. BENTLEY 


TABLE II 


~ 


‘'vrinary Output of Total Nitrogen and Nitrogenous Constituents 


(Grammes per 24 hours 
I 4 


Volume of 
Days Urine Total “amino 
(Millilitres) Nitrogen Nitrogen 


I 1325 11°46 2°30 
2 1255 9°35 2°22 
3 1073 7°02 1°40 


of desalted urine were applied to Whatman No. 4 
papers 60 centimetres square. The chromatograms 
were developed in phenol followed by a collidine- 
lutidine mixture. Duplicate runs were made after 
oxidation with ammonium molybdate and hydrogen 
peroxide to detect cystine and methionine. 


18 20 
° 19 
° ° 


oO: 


+f 
FiGurRE I 
Showing the amino acid pattern from urine obtained 
on the fourth day after the poison had been taken 
(on the patient’s admission to hospital). The 
chromatograms were developed horizontally in phenol, 
and vertically in collidine-lutidine. The key is as 
follows: (i) cystine (as cysteic acid), (ii) aspartic acid, 
(iii) glutamic acid, (iv) serine, (v) taurine, (vi) glycine, 
(vii) asparagine, (viii) threonine, (ix) alanine), (x) 
glutamine, (xi) beta-alanine and/or citrulline, (xii) 
alpha-aminobutyric acid, (xii) histidine, (xiv) lysine, 
(xv) proline, (xvi) valine, (xvii) leucine and/or isoleucine, 
(xviii) phenylalanine, (xix) tryptophane, (xx) tyrosine, 
(xxi) hydroxyproline, (xxii) unknown, (xxiii) ethanol- 
amine, (xxiv) methionine sulphone 


Plasma chromatograms.—Plasma specimens were 
obtained on the patient’s admission to hospital and on 
the last day. In neither did the patterns or 
concentrations of aminoacids appear grossly abnormal 
as defined by Walshe (1953). In the first specimen 
glycine was the predominating aminoacid, while the 
concentrations of methionine and proline were 
increased. In the second specimen the pattern showed 
a small increase in concentration of all the aminoacids 
indentified previously, especially methionine and 
glutamine. The cystine concentration in both was 


Ammonia Creatinine Creatine Uric Acid 
(NHs) 
1°82 0:77 O15 0°59 
1°67 0:62 0-10 0°44 
1°05 0°72 0°26 0°48 


low, while the presence of arginine could not be detected 
in either. 


Urinary Chromatograms.—Chromatograms were run 
on urine taken from each 24 hour specimen. A base- 
line was obtained from a single sample collected on the 


TABLE III 
Urinary Electrolyte Output (24 Hours) 

















Milliequivalents 
Inorganic roe Ws 4s —_ 
Day | Phosphorus | 
| (Grammes) | Nat Kt C! 
I 1‘05 15°0 49°0 
II | 1*36 21-0 55°0 
III 0°94 49°0 34°0 66-0 


patient’s admission to hospital. The concentrations of 
glycine, alanine, taurine and serine from this sample 
were much increased (Figure I), while the amounts of 
cystine and glutamine appeared normal. Threonine 


+ 


Ficur_E II 


Showing the amino acid pattern from urine obtained 

on the seventh day. The chromatograms were 

developed as described in the legend to Figure I. The 
key is the same as for Figure I 


and asparagine were also present, together with traces 
of a number of aminoacids which do not appear in 
patterns from the urine of healthy adults when this 
technique is used. 
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Urinary chromatograms over the three consecutive 
days revealed a progressive increase in the concen- 
trations of all the aminoacids detected in Figure I, 
apart from cystine and taurine. Figure II shows the 
pattern of the third day. Gross generalized amino- 
aciduria was present, with glutamine predominating. 
Neither arginine nor beta-aminoisobutyric acid was 
detected in any of the patterns. 

Further chromatograms were run on the initial and 
final urine specimens after hydrolysis for 24 hours 
with 6N hydrochloric acid. No beta-aminoisobutyric 
acid was detected in these, but significant amounts of 
arginine appeared. Apart from the disappearance of 
tryptophane, glutamine and asparagine, and the 
corresponding increases of glutamic and aspartic acids, 
the chromatograms were otherwise unchanged. 


DISCUSSION 

The history, clinical findings, course, and 
post-mortem appearances were typical of acute 
phosphorus poisoning (Gonzales et alii, 1940; 
Diaz-Rivera et alii, 1950). The liver usually 
shows the greatest degree of damage in 
phosphorus poisoning, but lesions are wide- 
spread, and almost all the organs of the body 
are affected (Smith and Fiddes, 1955). Gonzales 
et alti (1940) state that there is a severe 
derangement of protein metabolism, and _ it 
would be expected that substantial changes 
would occur in the composition of the body 
fluids, especially the urine. In their series of 
56 cases, Diaz-Rivera et alii (1950) record that 
as little as 15 milligrammes of yellow phosphorus 
can cause symptoms and 60 milligrammes may 
be fatal. Death within 24 hours results from 
doses greater than two grammes, whether 
gastric lavage is performed or not, the patients 
dying from shock accompanied by renal and 
acute hepatic failure. Survival appears to be 
influenced by two other factors: the time 
interval between ingestion and removal of the 
poison by vomiting or lavage, and the increased 
rate of absorption from the intestine if alcohol 
is present. Although no estimate was possible 
of the amount of phosphorus our patient took, 
it is highly probable that the long time interval 
(five to seven hours before she vomited) and the 
presence of alcohol in the gut contributed to the 
fatal outcome. 

Gross aminoaciduria has long been known in 
phosphorus poisoning, but few quantitative 
observations have been recorded of the 
excretions of aminoacids or of other urinary 
constituents. Starling and Hopkins (1890) 
found a decrease in the total nitrogen excretion 
of a 24 hour specimen of urine with normal 
ammonia output from a patient who died ; but 
most of the scanty information of these changes 
appears to be derived from animal experiments. 
For example, Marshall and Rowntree (IgI5) 
found that total nitrogen and aminoacid 
nitrogen levels were increased in the urine of 
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dogs poisoned with yellow phosphorus, and that 
renal changes leading to anuria could occur. 

The most striking feature in the urinary 
nitrogen excretion (Table II) was the great 
increase in the amount of a-amino nitrogen, 
equivalent to about 12 grammes of aminoacids 
daily (normal, approximately one gramme), 
which commenced before the patient went into 
hepatic failure. The total nitrogen excretion 
fell steadily throughout the three days at the 
expense of urea production. This is in contrast 
with the findings of nitrogen excretion of two 
patients in hepatic coma due to chronic hepatitis 
treated with glutamic acid given intravenously 
and tetracycline, studied by us. The daily 
nitrogen excretion remained constant at about 
I5 grammes, although the only source of 
nitrogen was glutamate, and it is of interest 
that Gabuzda, Jackson and Grigsby (1952) 
report increased urinary nitrogen excretion with 
chlortetracycline therapy. 

Chromatographic examination of the plasma 
and urine showed several interesting features. 
The plasma aminoacid patterns were not as 
abnormal as would be expected from the 
severity of the hepatic damage and the urinary 
aminoaciduria, and a particular feature was the 
absence of arginine and the low concentration 
of cystine. Perry (1953) has drawn attention 
to the severe renal damage which may 
accompany phosphorus poisoning, and we 
suggest that the aminoaciduria observed was 
due in part to failure of tubular reabsorption. 
We did not check the urine for specific gravity 
and osmolarity ; but inspection of Table III 
shows that the kidney was able to conserve 
sodium at least for the first two days, and it 
is likely that until the final day tubular damage 
was confined to aminoacid transport. The 
urinary aminoacid patterns show several points 
of difference from those recorded in acute 
hepatic coma resulting from other causes 
(Walshe, 1953), there being low excretions of 
cystine, taurine and beta-aminoisobutyric acid, 
and an absence of arginine. It is difficult to 
see why this should be so. It seems likely that 
the failure to detect arginine was due to its 
excretion in a bound form ; but this explanation 
cannot account for the other aminoacids, since 
the concentrations of these were the same after 
hydrolysis. It would be expected that severe 
cellular damage would pre-dispose to increased 
beta-aminoisobutyric acid excretion. 


Our findings are thus in accord with the 
observations of Starling and Hopkins (1890), 
and in the main with those of Marshall and 
Rowntree (1915) in their experiments on dogs. 
Our observations did not extend over the whole 
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period of survival of our patient after she had 
taken the poison; an increase in urinary 
nitrogen excretion may well have been present 
during the first few days. 
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THE ADRENOCORTICAL RESPONSE TO CORTICOTROPHIN IN 





ADDISON’S DISEASE AND PANHYPOPITUITARISM! 


FRANCES FocGitt? AND A. W. STEINBECK® 
From the Medical Professorial Unit (University of Queensland), Brisbane Hospital 


SUMMARY 
In Addison’s disease the daily output of 17-ketogenic steroids in isolated 24 hour urine specimens 
may fall below or within the normal range, but is not increased by corticotrophin. 
In panhypopituitarism the daily output of 17-ketogenic steroids in isolated 24 hour urine specimens 
is lowered and may either increase after the exhibition of corticotrophin, but less than normally, or remain 


unaltered. 


The daily urinary outputs of 17-hydroxycorticosteroids and steroidal dihydroxyacetones follow similar 


patterns in both conditions. 


The diagnostic significance of the results is illustrated and some clinical features are noted. 


ADDISON’S disease has a variable clinical 
picture, and clinical diagnosis may be difficult ; 
classical debility is not constant, hypotension 
is not invariable and pigmentary changes are 
rarely the first complaint. Pituitary hypo- 
corticism is mostly an aspect of panhypo- 
pituitarism, following hypothyroidism in the 
usual order of development (Hubble, 1952) ; 
associated glandular deficiencies produce a 
number of clinical patterns, but usually the skin 
is pale and does not darken on exposure. 
Post-steroid hypocorticism is due to failure of 
corticotrophin secretion with steroid therapy 
(Di Raimondo and Forsham, 1958); there is 
isolated pituitary hypocorticism, and pigmentary 
changes may develop. 

An appendix to this report briefly reviews 
some features of the clinical histories of 36 
patients, not all included in the investigation, 
who were originally referred to us_ for 
investigation. Because of the variable sympto- 
matology of hypocorticism, we decided to 
reinvestigate the adrenocortical response in 
Addison’s disease and panhypopituitarism, 
studying the urinary excretion of steroids. We 
now report results for some patients with 
undoubted hypocorticism seen over approxi- 
mately two years and, in addition, list the 
results and relevant clinical details for some 
patients previously regarded as suffering from 
Addison’s disease. 

METHODS 

All patients were kept under ward conditions, 
and individual studies were completed within 
a week. The routine adopted was that used in 


1 Received on August 11, 1958. 
? Research Assistant. 
3 Reader in Medicine. 


another investigation (Foggitt and Steinbeck, 
1958) and is obvious from Figure I ; all 24 hour 
collections of urine ended at 9 to 10 a.m. daily. 

The same chemical methods were used as 
previously, and the steroid nomenclature 
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FIGURE I 


The urinary output of 17-ketogenic steroids before and 

after 20 i.u. of corticotrophin, administered intra- 

venously at a constant rate over eight hours, in patients 

with hypocorticism. The upper two continuous lines 

indicate the normal range, the lower lines represent 
patients with hypocorticism 


adopted is that of Norymberski and co-workers 
(Norymberski et alii, 1953; Appleby et alit, 
1955; Norymberski and Stubbs, 1956). 
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TABLE [| 
Daily Urinary Output of 17-Ketosteroids and of 17-Ketogenic Steroids of Patients with Addison’s Disease and Pituitary Dail} 
Hypocorticism ; Isolated 24 Hour Urine Specimens 
Percentage | Daily Urinary Output 
Daily Oral Recovery of | _ aocinaiaidlaniemaee i teaiaaieal 
Case Age Cortisone Cortisone as | 
Number | (Years) Sex Diagnosis Dosage | 17-Ketogenic | 17-Ketogenic N 
(Milligrammes) | Steroids in | 17-Ketosteroids | Steroids 
| Urine | (Milligrammes) |  (Milligrammes) 
| | 
| | A | | en 
54 F. | Schmidt syndrome’ 25°0 4°0 7°4 0°5 
25°0 0-0 g'I 0-0 
2 42 F. | Addison’s disease 0:0 ~= 2°4 0°5 
3 37 F, | Addison’s disease 0-0 — 3°9 1°9 
4 40 | M | Addison’s disease 0:0 — 57 4°3 
5 23 F, | Addison’s disease 0:0 — 2°7 4°1 
6 35 F Addison’s disease | 0:0 — 5'0 4°7 
25°0 48°8 6-9 12°2 
| 50°0 48-0 7°6 24°0 : 
| 50°0 36-2 5°5 18-1 
7 19 M. | Addison’s disease o'o os 3°2 3°2 
8 22 M. | Addison’s disease | 37°5 44°5 6-2 16°7 : 
9 48 F. | Adrenalectomy | 25°0 31°2 1°8 7°8 gi" 
10 23 F. | Addison’s disease 50:0 20°2 II*7 10°! 
50°0 21-6 9:2 10°8 17 
II } 29 } F. Secondary hypocorticism 25°0 31°6 5°0 79 di 
| 25°0 14°8 re a7 ‘ 
2 25 M. Chromophobe adenoma?® 0-0 = 2°3 0-0 ti 
13 45 M. Chromophobe adenoma?® 0-0 a 2°2 2°9 
| o°o = o'o 2°9 
} 14 54 M. Chromophobe adenoma* onze) -—- 4°7 2°7 
] 15 57 F. | Sheehan’s syndrome 0-0 o'o 0:0 tl 
. 1°4 05 s 
t 1s 
M ' Patient receiving testosterone propionate by intramuscular injection. si 
‘t 2 Operative diagnosis. Ss! 
t 7 
‘ The corticotrophin used was produced by the RESULTS T 
‘ Commonwealth Serum Laboratories (Victoria) ; Table I lists the daily excretion of 17- 1 
. all batches were known to be potent in normal ketosteroids and of 17-ketogenic steroids in t 
t subjects, and none had produced shock. The __ isolated 24 hour specimens of urine. Table II 
. dosage used provides an effective maximum shows the excretion of these steroids before and 
4 stimulation for the normal adrenal cortex under after 20 international units (i.u.) of cortico- . 
; defined conditions (Renold e¢ alii, 1952 ; Bayliss trophin had been given intravenously, at a 
j and Steinbeck, 1954). constant rate, over eight hours. Table III 
TABLE II 


Daily Urinary Excretion of 17-Ketosteroids and of 17-Ketogenic Steroids of Patients with Addison’s Disease and Pituitary 
Hypocorticism, Before and After an Intravenous Infusion of 20 i.u. of Corticotrophin over Eight Hours, Beginning at 
9 to 10 a.m. on Day 





Daily Urinary Output (Milligrammes) 


Daily Oral 


| 
Case 17-Ketosteroids 17-Ketogenic Steroids | Cortisone 
Number aaa SES Sia be Sed Bc! = —— Dosage 
| | | | | | | (Milli- 
Day Day | Day | Day Day Day Day Day | Day | Day | grammes) 
—2 | —I ° | I 2 —2 I °o | I 2 | 
| | | | 
a on : ~ eo. eae oe Se ee 
I 74 6-0 5°I 5°4 5°6 0'5 oare) 0:0 I*3 0°'0 25°0 
- g'I 7°3 | 6-2 6°7 0-o 0-o I*2 | o'9 0'o 
2 _— 2°4 I'o | _— - o°5 2:1 —_ _— 0-0 
3 — 3°9 2°4 2°6 3°0 Ig oO*4 o'5 — _ 
4 —_ 5°7 6°1 6-8 - 4°3 4°5 §°2 _ 0-0 
5 — =F 1-9 2°4 2°9 - 4°1 3°0 4°7 3°6 0:0 
6 5°0 5°3 5°5 | - “7 6°3 7°5 _ — 0-0 
7 —_ 3°2 2°8 | - 2°8 2:0 — — 0-0 
8 7°4 64 | 8 % aT°7 6-0. | 25:8 | — a7°3 
9 — 1°8 a - 7°8 | = 10°5 _ 25°0 
10 — 4°6 2°§ | - — | 26 | _ — | 0-0 
I°9 o-9 «| 2°3 _ I°5 2'I 0°5 — 0-0 
II | 3°70 «| 3°9 4°0 4°8 5°0 6:2 4°7 8-5 51 | 79 «| 25°0 
12 — | 2°3 1°6 | - — 0:0 o-4 — — | 0-0 
13 | ore) 32 «| I°9 - | - 2°9 10°5 6:8 — 0-0 
15 - 0-0 I°5 I*4 - - 0-0 I°3 o°'5 -—— } 0-0 


| | | | , 7 | ‘ | ' 





| 





1 Subject numbers and details as in Table I. 
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TABLE III 


Daily Urinary Excretion of 17-Ketogenic Steroids, of 17-Hydroxycorticosteroids and of Steroidal Dihydroxyacetones in 
Actual and Suspected Instances of Hypocorticism' 


Case | 17-Ketogenic Steroids 
Number a 
Day Day Day Day 
-I ° I I 
2 o'5 2°t 3°5 
7 3°2 3°2 : 5°6 
8 17°7 16°0 15°3 17°8 
10 aa 1°6 3°6 
13 2-9 10°5 6:8 4°6 
17 7°5 22°7 II-9 Ir-2 
' Subject numbers and details as in Tables II and IV. 


gives the excretion of 17-ketogenic steroids, 
17-hydroxycorticosteroids and steroidal dihy- 
droxyacetones before and after the administra- 
tion of corticotrophin. 


For normal males, under Brisbane conditions, 
the daily range of excretion of 17-ketosteroids 
is 4:4 to 23-2 milligrammes, and of 17-ketogenic 
steroids 3:5 to 15°5 milligrammes over all 
seasons ; in females corresponding values are 
3:1 to 20:2 and 4:9 to 18-2 milligrammes, 
respectively. The pattern of the increased 
urinary output of 17-ketogenic steroids after 
the administration of 20 i.u. of corticotrophin 
at a constant rate over eight hours, is similar in 
males and females; the excretion reaches 18 
to 50 milligrammes on the infusion day and at 
least 1-8 times, and mostly twice, the resting 
output (Foggitt and Steinbeck, 1958; Fleming 
and Steinbeck, unpublished). 

Patients with Addison’s disease, not receiving 
cortisone, had some 17-ketogenic steroids in 
their urine; the steroid excretion in Cases 2 
to 6 was either below or at the lower limit of 
the normal range, but not zero. In patients 
taking a constant oral dose of cortisone, 20% 
to 50% of the cortisone was recovered over 24 
hours as urinary 17-ketogenic steroids, on the 
assumption of an endogenous urinary excretion 
of zero, or close to it. This recovery is not 
constant, as expected, and the figures shown 
were those obtained in hospital, and without 
stress. In a_ fully-active out-patient with 
secondary hypocorticism (Case 2), known to be 
excreting no endogenous steroid, the amount 
recovered varied from 14% to 32% over some 
months ; in another subject (Case I) in whom 
myxcedema followed long-standing Addison’s 
disease (Schmidt syndrome), the amount 
recovered was less than 5% on seven occasions 
before the myxcedema was fully treated; the 
high 17-ketosteroid output in this patient was 


17-Hydroxycorticosteroids 


Daily Urinary Output 


Steroidal Dihydroxyacetones 


Day Day Day Day Day 
to) I I °o I 
a-a 0-0 9) — 
a2 - I-2 Ivl ame 

15°6 15°9 6°9 8-4 | 6°5 
5°2 — o-o o-o - 

12°4 5-2 0-0 ‘ 0-0 

31°6 15°9 - - — 


due to intramuscular injections of testosterone 
propionate. 

After the administration of corticotrophin, 
there was no alteration (P=0-05) in output of 
17-ketosteroids and 17-ketogenic steroids (Table 
II), and no semblance of a normal response 
(Figure I); this is clearly shown in a case of 
total, bilateral adrenalectomy (Case 9), in which 
the urinary steroid output corresponds to 
replacement therapy. The excretion of 17- 
hydroxycorticosteroids and of steroidal dihy- 
droxyacetones showed similar festures to that 
of 17-ketogenic steroids ; it is to be emphasized 
that the results were obtained in patients under 
hospital conditions. 

The mean daily excretion of 17-ketogenic 
steroids of four untreated patients with pituitary 
hypocorticism was less than normal. After the 
administration of corticotrophin, there was 
either no alteration in output (Cases 11, 12 and 
15), or else a response that did not approach 
normal response levels, although it was 
proportionately more than twice the normal 
output (Case 13) ; the excretions of 17-hydroxy- 
corticosteroids and steroidal dihydroxyacetones 
showed similar features. 


DISCUSSION 

These results show that the adrenal cortex 
in Addison’s disease, of varied cause, fails to 
produce an increase in the urinary output 
of corticocosteroids when corticotrophin is 
administered. This may mean that any 
increased output of the gland is cancelled by 
increased tissue utilization and destruction, or 
that there is no significant adrenocortical 
response, the latter being the more reasonable 
interpretation. The present findings should be 
compared with the adrenocortical response 
measured by the alteration in blood levels of 
Porter-Silber chromogens (Porter and Silber, 
1950) after a similar intravenous infusion of 
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corticotrophin (Bayliss, 1955; Bayliss and 
Steinbeck, 1954; Steinbeck, 1954). 

In Addison’s disease the blood levels of these 
steroids are mostly close to zero, but sometimes 
normal, although below the mean of the normal 
distribution, which is 3 to 18 microgrammes 
per 100 millilitres of plasma. Nevertheless, 
irrespective of the original plasma levels, no 
significant increase in the blood steroid levels 
follows corticotrophin administration and the 
tendency is for the higher levels to fall during 
the infusion. This would confirm the view 
that a failure of the urinary steroid excretion 
to increase after corticotrophin administration 
in Addison’s disease represents a failure of the 
adrenal cortex to respond. The results of 
studies of the plasma steroids suggested that, 
in Addison’s disease, the adrenal cortex was 
either non-functioning or a functioning remnant 
secreting maximally at all times (Steinbeck, 
1954; Bayliss, 1955). The same functional 
divisions are discernible in the present studies : 
two patients (Cases 4 and 5) have a resting 
steroid output that is not significantly different 
from a low normal value, while three others 
(Cases 2, 3 and 7) have low values, scarcely 
different from zero; but corticotrophin does 
not increase the excretion in either group of 
cases. 

In pituitary hypocorticism blood steroid 
levels either failed to increase after cortico- 
trophin, as in Addison’s disease, or else increased 
progressively over the time of stimulation 
without finally attaining a normal level of 
response, or that normally reached after two 
hours of infusion (Steinbeck, 1954). These 
responses should be reflected in the urinary 
excretion of steroids as no change or a less than 
normal increase, as is indeed the case in our 
present findings. 

Liver disease was not evident in any of the 
cases, so that low urinary outputs do not 
represent a dissociation between plasma and 
urinary levels of steroids (Brown e¢ alii, 1954; 
Klein et alii, 1955). The studies were carried 
out throughout the year, but the differences are 
greater than could be caused by climatic changes 
(Foggitt and Steinbeck, 1958). 

Jenkins et alii (1955) likewise failed to detect 
a response to corticotrophin in Addison’s 
disease. The steroid values obtained by these 
workers would, presumably, be lower than 
17-ketogenic figures, but would show the same 
pattern of response to corticotrophin (Moxham 
and Nabarro, 1956; Butt e¢ alii, 1957). Prunty 
(1956), using repeated intramuscular injections 
of a gel-corticotrophin was unable to obtain a 
significant adrenocortical response in Addison’s 
disease, but was able to maintain a response in 


some cases of pituitary hypocorticism. With a 
similar test, using a retard-corticotrophin, we 
were able to increase the daily output of 17- 
ketogenic steroids from zero to eight milli- 
grammes over three days in one patient with a 
chromophobe adenoma; 40 i.u. of the sanie 
corticotrophin in a single injection did not alter 
the steroid output. 

The infusion of corticotrophin can be used 
as a direct test of adrenocortical function: 
a normal response excludes established pituitary 
hypocorticism and Addison’s disease. This 
is illustrated by 10 selected patients referred 
by experienced physicians with the diagnosis of 
Addison’s disease (see Table IV); in Cases 18 
and 25 the diagnosis was only presumptive, but 
in the others it was regarded as established, one 
patient even receiving a pension for this cause. 
Thus, three patients (Cases 16, 17 and 22) were 
receiving, and continue to receive, various 
preparations of deoxycortone, and four others 
(Cases 16, 18, 22 and 24) had received treatment 
with cortisone or a derivative at one time or 
another. In only Cases 19, 21, 23 and 25 of the 
total 10 were the attending doctors convinced 
that their original diagnosis was unlikely; 
two patients (Cases 22 and 24) continued to 
receive cortisone or a derivative. Table IV 
does not list all individual features. However, 
all patients had _ generalized pigmentation, 
five with small black freckles, five with bluish- 
black mucosal patches, and most with dark- 
brown freckles, stated to be recent; all had 
lost some weight and appeared to have lassitude 
with early-morning intensification; seven 
had some degree of postural hypotension ; 
impotence or menstrual irregularities were 
claimed by all; and in all except Cases 21 and 
23 there was recent loss of body hair. Some 
of the patients were stated to have previously 
had low serum levels of sodium and chloride, 
but they were essentially normal on admission 
to hospital. None of these cases strictly 
correspond to what has been described as basal 
hypoadrenalism (Prunty, 1956); nevertheless, 
one patient (Case 16) had a low basal steroid 
output and a considerably increased excretion 
for two days after corticotrophin had been 
given. Another patient (Case 22) had _post- 
alcoholic hepatic cirrhosis, and the urinary 
steroid excretion may not correspond to plasma 
steroid levels, thereby failing to indicate the 
actual adrenocortical response to corticotrophin 
(Brown e alii, 1954; Klein et alii, 1955). 
Nevertheless, there is no overlapping between the 
adrenocortical responses to corticotrophin of 
these subjects (who, although having features 
suggestive of Addison’s disease, are normal) and 
those with actual Addison’s disease. It would 
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TABLE IV 


Suspected Instances of Addison's Disease : General Clinical Features ave Indicated in the Text. 


The Table Shows 


the Arterial Pressure Range and Excretion of a Water Load, the Adrenocortical Response to Corticotrophin being Normal 
in Each Case 


Systolic 
Arterial Excretion of 
Case Age Sex Pressure Measured 

Number | (Years) (mm. Hg) Water-load? 
17-KS 
16 70 M <110 Decreased 5°6 
17 54 M <110 Decreased 9°8 
18 46 M >115 Decreased 9°5 
19 33 M. <110 Normal 20°2 
20 50 F. <110 Decreased 4°0 
21 42 F, >115 | — 12°2 
22 46 F, <110 Decreased 6-0 
23 37 I >115 Doubtful normal 14°3 
24 17 I 110 Decreased 6-0 
25 43 I 115 Doubtful normal 7:0 


1 All steroid results in milligrammes; 17-KS=17-ketosteroids ; 
?A number of these tests were carried out elsewhere. 





seem that pituitary hypocorticism could be 
separated from eucorticism in the same way. 
It has been shown previously that the adreno- 
cortical response to a similar intravenous 
infusion of corticotrophin, measured by the 
alteration in the plasma levels of Porter-Silber 
steroids, makes the same distinctions (Steinbeck, 
1954: Bayliss, 1955). 

The adrenocortical response in subjects with 
pituitary hypocorticism shows that it is 
preferable to define the response in terms of 
actual excretion, either as a gross steroid output 


or as the difference between the basal and 
stimulated output—the net or incremental 
response. To express the output after 


exhibition of corticotrophin as a simple multiple 
of the resting output, and to accept that a 
figure greater than two indicates a normal 
response without consideration of the actual 
excretions, would be incorrect. Also, the 
response to corticotrophin is not directly related 
to the resting output (Foggitt and Steinbeck, 
1958). 

In patients with Addison’s disease, including 
post-adrenalectomy subjects, the urinary 
recovery of the maintenance dose of cortisone 
as 17-ketogenic steroids is similar to that found 
by Norymberski ef alii (1953), by Prunty (1956) 
and by Breuer and Nocke (1957). The recovery 
rate is uniform only when cortisone maintenance 
is constant and the patient is not under stress ; 
one patient showed a variation in recovery, 
equivalent to 40% of the administered dose, 
with changing conditions of life. The patient 


Steroid Output 


Control Day 


Infusion Day Comments or, when Possible, 


Suggested Diagnosis 


17-KGS| 17-KS | 17-KGS 

3°6 8-3 30°5 Disability pension for Addison’s disease : 
pigmentation, loss of body hair and 
impaired potency followed “ influenzal ” 
illness, 1919 

7S 12-2 22°7 Low-grade malnutrition, inadequate per- 
sonality and chronic fatigue. 

I4°1 12-0 33°3 Low-grade malnutrition and anxiety state 
following “‘ infective hepatitis ” 

10°6 28-4 35°9 Familial pigméntation and anxiety state. 

5°I 7°6 20°5 Low-grade long-standing malnutrition 

2°3 14°0 20°5 Familial pigmentation and chronic fatigue 

9°5 5°6 21°4 Reclaimed chronic alcoholic with many 
conflicts, familial pigmentation 

22-6 a3°5 46°5 Chronic fatigue, partly explained by low 
salt syndrome 

9°9 8-0 18-5 Familial pigmentation, probable  schizo- 
phrenia on follow-up 

14°5 8-9 59°3 Inadequate follow-up, chronic fatigue worse 
in summer 

17-KGS=17-ketogenic steroids. 


with myxcedema complicating Addison's disease 
(Case I) did not excrete any 17-ketogenic 
steroids although receiving 25 milligrammes of 
cortisone ; with correction of the myxcedema, 
cortisone was recovered normally. 

For diagnostic purposes, the direct chemical 
estimation of 17-hydroxycorticosteroids 
(Appleby et alii, 1955), before and after 
administration of corticotrophin, would seem 
satisfactory. The estimaticn of steroidal 
dihydroxyacetones (Norymberski and Stubbs, 
1956) does not increase diagnostic accuracy. 
Corticotrophin is given intravenously, so that 
the rate of delivery of the hormone to the 
circulation is constant. However, as Jenkins 
et alii (1955) have also indicated the infusion 
of corticotrophin in Addison’s disease is not 
completely without risk, and distress appearing 
during the infusion should not be lightly 
disregarded ;_ patients with long-standing 
untreated hypocorticism seem particularly apt 
to react unfavourably to corticotrophin. For 
reasons to be published later, it is sometimes 
necessary to suspend cortisone administration 
before testing adrenocortical function in 
undoubted cases of Addison’s disease. This 
probably increases the risk of a reaction to 
corticotrophin. 
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APPENDIX: SOME CLINICAL FEATURES OF 
UNTREATED HyYPOcoRTICISM 
There were 23 non-surgical cases of Addison’s disease. 
All patients complained of asthenia, which varied from 
a minor annoyance to intermittent prostration. Two 


patients, with a history of 12 years’ duration, had long 
intervals of reasonable health, during which one failed 
to carry out treatment, the other mostly continuing to 
take 12 grammes of salt daily. In two patients muscle 
weakness was intense, with some response to rest, 
muscle movements were incoordinate and the gait was 
stumbling. All patients had some postural hypo- 
tension, most with symptoms, and two were barely 
able to stand because of fainting. Only one patient 
complained primarily of pigmentation, but most of 
the others had noticed it. One patient was doubtfully 
pigmented. The darkest patients seemed to have short 
histories and were sunbathers. Small black freckles 
and bluish-black mucosal patches were not constant. 
Pigmentation followed pregnancy in one patient, and 
regressed 20 years later when myxcedema complicated 
Addison’s disease—the Schmidt syndrome (Bloodworth 
et alii, 1954). Discoloration lessened spontaneously 
after being present for 12 years in another patient. 
Minor mental symptoms, frequently worse before 
breakfast, were almost constant, regressing with 
cortisone. In three patients mental symptoms were 
extreme, one failing at a University examination 
because of intense mental fatigue and inability to 
concentrate, another being intensely restless with 
delusions of grandeur, and the third having prolonged 
periods of mental distraction and episodes of 
unexplained semi-coma lasting several days. Recurrent 
central abdominal pain was experienced by several 
patients before cortisone therapy ; in one patient the 
pain was a major complaint. The course in one 
tuberculous patient was barely recognizable, ending in 
sudden death: caseous adrenal glands were found at 
autopsy. Two other patients were admitted to 
hospital with severe hypotension and flaccid muscle 
paresis, areflexic in one, crises that appeared to be 
the sudden climax of several months of impaired 
health, and were not precipitated by an intercurrent 
affection. One patient was thought to have a gastric 
cancer after barium meal X-ray studies; the true 
diagnosis was finally suspected when hyponatremia 
followed a minor episode of vomiting. Pregnancy was 
successful in two patients, probably on three occasions 
in one patient while frankly Addisonian. Two patients 
were known to have active pulmonary tuberculosis ; 
another had a recent lung lesion with conversion of the 
Mantoux response shortly before the first appearance 
of evidence of Addison’s disease. One patient claimed 
that symptoms of the disease and an inability to walk, 
shown to be due to a Guillain-Barré syndrome, followed 
an “‘influenzal-like’’ illness. Three patients had 
previously been treated by thyroidectomy for Graves’s 
disease, two of them becoming myxcedematous. 

There were 11 cases of panhypopituitarism. One 
patient, who did not have detectable thyroidal or 
adrenocortical activity, had light-brown freckles that 
increased with exposure; the others had pale skins 
that failed to pigment. 

There were two cases of post-steroid hypocorticism. 
One patient, after high dosages of cortisone and 
prednisone over some years, developed features of 
hypocorticism when therapy was stopped ; the adrenal 
cortex did not appear to respond to repeated cortico- 
trophin stimulation. The skin became pigmented, and 
a scaling, maculo-papular rash developed, together 
with dark mucosal patches—changes similar to those 
sometimes seen in Cushing’s syndrome after subtotal 
adrenalectomy. In addition, asthenia was troublesome. 
The other patient failed to respond to corticotrophin 
stimulation after high cortisone dosage and was given 
replacement therapy; the skin developed a scaling 
papular rash, and became drier and tanned on exposure, 
which it had not done previously. 
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AMENORRHEA AND PROLONGED LACTATION, 
INCLUDING A FURTHER REPORT OF THE CHIARI-FROMMEL SYNDROME! 


ALEX COHEN? 
From the Diabetic Department, Royal Perth Hospital, Perth 


SUMMARY 


Two cases of amenorrhcea and prolonged lactation are described. 
descriptions of Chiari and Frommel and was accompanied by utero-ovarian atrophy. 


associated with the presence of a pituitary tumour. 


discussed in the conflicting light of these two cases. 


The first conforms to the case 
The second was 


The physiology of lactation is briefly reviewed and 


Other states in which amenorrheea and prolonged 


lactation occur are presented, and an attempt is made to differentiate these from one another. 


MucH debate yet exists over the complex 
physiology of lactation. Those stimuli which 
prepare the breast for its function, as well as 
those which actually initiate and maintain it, 
are obscured by a mass of contradictory 
experimental and clinical material. Not in any 
spirit of revelation, but purely to highlight these 
apparent discrepancies in understanding, the 
following two cases of amenorrhcea and 
prolonged lactation are presented and discussed. 

The duration of normal lactation varies widely 
under circumstances of race, health, habit and 
social custom ; but it is generally accepted that 
milk secretion has waned at the end of one 
year after weaning, provided that the suckling 
stimulus to the breast has been removed 
(Geschickter, 1945). Prolonged lactation has 
been described frequently when such suckling 
stimulus has been introduced or has persisted, 
but its occurrence under other conditions is not 
common (Foss and Short, 1951). The rare 
combination of persistent lactation accompanied 
by atrophy of the uterus and ovaries to produce 
amenorrhcea was first described by Chiari, 
Braun and Spaeth in a series of articles during 
the years 1848 to 1855. Frommel in 1882 
further elaborated the condition, and suggested 
that the etiology was related to rapid 
pregnancies and poor nutrition. The condition 
is now usually known as the Chiari-Frommel 
syndrome. The historical aspects of the 
syndrome are well discussed by Mendel (1946). 
To the 15 cases which had been described up 
until 1957, Christiansen (1957) added a further 
example and tabulated the significant endocrino- 
logical features of each. The first of the present 
cases thus represents the seventeenth example 

of this syndrome to be described. 

Amenorrhoea and prolonged lactation have 
also been found in association with pituitary 


1 Received on August 29, 1958. 
* Honorary Assistant Physician. 
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tumours (Krestin, 1932; Forbes e¢ aliz, 1954), 
while Argonz and Castillo (1953) have recently 
described a syndrome of amenorrhcea, galac- 
torrhea and a low urinary excretion of follicle- 
stimulating hormone without apparent pituitary 
tumour. The second of the following cases 
resembles most closely those of Krestin (1932). 


CASE REPORTS 
Case I 

This was a case of amenorrhcea and _ prolonged 
lactation with utero-ovarian atrophy (Chiari-Frommel 
Syndrome). An Australian housewife, aged 27 years, 
was referred to the Royal Perth Hospital for 
investigation of pain in the left iliac fossa. She had 
suffered from mild dysmenorrhoea up until the time of 
her marriage at the age of 20, but her menstrual 
periods had been otherwise normal. Ten months after 
her marriage she gave birth to a normal male child 
weighing seven pounds, 10 ounces, whom she breast 
fed for nine months. Her menstrual periods recom- 
menced in the third month post partum. Her second 
and last pregnancy was at the age of 22 years. This 
was normal in all respects except that birth was rather 
precipitous ; but she suffered no abnormal blood loss 
and the puerperium was uneventful. This child 
weighed seven pounds six ounces and was breast-fed 
for nine months until the supply of milk dwindled. 
Her menstrual periods did not recur. From that time 
onwards she could express small amounts of milky 
fluid from her breasts each day, and although she did 
not make a practice of this, the continued engorgement 
sometimes made it necessary. From time to time she 
experienced severe hot flushes. For one year prior to 
her admission to hospital she had suffered recurrent 
attacks of pain in the left iliac fossa at intervals of 
about one month and lasting for two or three weeks. 


A more severe and persistent attack caused her 
admission to hospital. She was otherwise in excellent 
health; her energy was normal, there was no 


intolerance of cold or falling of the hair, and libido 
was not decreased despite considerable dyspareunia due 
to the kraurotic condition of the vulva. 

On examination of the patient, she was a normally 
proportioned woman with a healthy appearance 
(Figure I). The distribution of hair was female in 
type, but the hair was rather scanty in amount. On 
palpation, the thyroid gland was diffusely enlarged to 
approximately twice its normal size and was smooth 
and regular. The skin was of normal texture. The 
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breasts were normal in size and the nipples parous ; 
from each a small amount of milky fluid could be 
expressed. On pelvic examination, the labia were 
atrophic and the vaginal mucosa was thin and reddened 
and had lost its normal rugose appearance. The 
uterine body was very small and felt atrophic. The 
cavity was 4:5 centimetres in length. The cervix 
appeared healthy. In the left fornix was a large 
cystic mass, which was thought to be an ovarian cyst. 
The remainder of the physical examination revealed 
no abnormality. 

The body of the uterus was curetted, and a negligible 
amount of endometrium was obtained. At laparotomy 
(Professor Gordon King), the uterus was found to be 
quite hypoplastic, the right ovary small and atrophic, 


‘ 
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FicurE |: Case I 
and the tunica thickened and white. There were no 
recent corpora lutea or follicle cysts. The left ovary 
was entirely replaced by a large cyst nine centimetres 
in diameter which had undergone rotation on its short 
pedicle. The cystic mass was clamped and removed. 
Recovery was uneventful. Examination of material 
from the curettage revealed necrotic and partly 
calcified placental tissue. A biopsy specimen from the 
right ovary showed small peripheral follicle cysts and 
many ova in the stroma. The left ovarian cyst was 
lined with a single layer of columnar epithelial cells 
with regular, basally situated nuclei. 

All investigations were carried out some two months 
after operation. Radiographs of the chest and skull 
revealed no abnormality. The blood picture was 


normal. There was no abnormality of the visual 
fields. Three estimations of the basal metabolic rate 
were 6%, —-8% and -7%. The thyroid uptake “ T” 
index was 1-6, and the neck-uptake of I at one 
hour and 48 hours was 9% and 16% with a 10 uc 
dose. All these figures are considered to represent low 
normal results. Glucose tolerance and _ insulin 
sensitivity tests gave normal results. Five estimations 
of the urinary neutral 17-ketosteroid excretion ranged 
between 5:8 and 11-6 milligrammes per 24 hours. 
Three estimations of 17-hydroxysteroid excretion in 
the urine were 6:4, 9:0 and 11-5 milligrammes per 
24 hours. Three estimations or urinary gonadotrophins 
recorded as_ foliicle-stimulating hormone (F.S.H.) 
were all less than five mouse units. Examination of 
a smear of the vaginal epithelium stained by 
Papanicolaou’s method revealed basophilic staining 
squamous cells and many _ polymorphs. The 
appearances were consistent with those seen in hypo- 
cestrogenism. Fluid expressed from _ the breasts 
contained fat and lactose, and had the physical 
constituency and appearance of milk. ; 

A short course of cestradiol dipropionate in dosage 
of 0-02 milligramme twice a day failed to suppress 
lactation. No menses appeared after a_ prolonged 
course of progesterone given by intramuscular injection. 


Case II 


This was a case of amenorrhoea and _ prolonged 
lactation associated with pituitary tumour. A migrant 
from Yugoslavia, aged 35 years, had menstruated 
regularly until three months after her arrival in 
Australia nine years before. Her first pregnancy ended 
in a miscarriage at three months, but a second and 
third pregnancy were entirely normal, and menstruation 
in each case had recommenced after two months. The 
first child was a female, weighing six pounds four 
ounces, and was breast-fed for two and a half years ; 
the second, also a female, weighing seven pounds two 
ounces, was breast-fed for seven months, when she was 
weaned despite the presence of abundant milk secretion. 
Amenorrhocea occurred three years after the birth of 
this child, but copious lactation continued. 

Settlement in Australia coincided with considerable 
economic and marital difficulties, and from this time 
the patient began to complain of a variety of symptoms 
including bitemporal headache. Amenorrhcea shortly 
followed. The persistence of multiple symptoms 
associated with depression led to a course of electro- 
convulsive therapy, which ameliorated the depression, 
but left the headache, amenorrhoea and persistent 
lactation unaltered. 

On examination of the patient, she was a tall, 
well-developed Slav woman (Figure II). The features 
and extremities did not suggest acromegaly. The 
body hair was feminine in distribution. Both breasts 
were hypertrophied, heavily engorged and warm. 
From each nipple large gouts of milky fluid could 
easily be expressed. Some limitation of the temporal 
fields of vision was found on confrontation, and this 
was confirmed by perimetry. There was no other 
abnormality of the cranial nerves or central nervous 
system. Pelvic examination revealed a normal-sized 
uterus and adnexe. 

Radiographic examination of the skull showed 
enlargement of the pituitary fossa with thinning of the 
dorsum sella. Views of the jaw and hands failed to 
suggest acromegaly. The serum inorganic phosphate 
content was 3:9 milligrammes per 100 millilitres. 
Glucose tolerance and insulin sensitivity tests gave 
normal results. The fluid expressed from the breasts 
had the appearance and physical characteristics of 
milk. A Papanicolaou staining of the vaginal 
epithelium showed a predominance of cornified cells 
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suggesting an cestrogenic phase. The urinary neutral 
17-ketosteroid excretion was 6-3 and 8-4 milligrammes 
per 24 hours. The urinary F.S.H. was greater than 
75 mouse units on two occasions. 

No suppression of lactation occurred on treatment 
with o-o2 milligramme of ethinyl cestradiol thrice 
daily. A short course of intramuscular injections of 
progesterone, 25 milligrammes daily for seven days, 
resulted in considerable menstrual flow, which has 





Case II 


FicureE II: 


continued at irregular monthly intervals although in 
smaller amount. After six months the volume of 
water displaced by each hand had not altered. 
Because of the return of menses and the minimal 
inconvenience from the lactation, no pituitary 
irradiation or intracranial surgery was attempted. 


DISCUSSION 

Maturation of the breast tissue is affected by 
a number of influences, of which the most 
important appear to be oestrogen, progesterone 
and the secretions of the anterior pituitary lobe 
(Tindal and McNaught, 1958). The adrenal 
cortical hormones are of doubtful significance, 
whilst thyroid hormone has been shown to be 
definitely unnecessary (Chen et alii, 1955). 


However, no single substance or constant 
constellation of substances has been shown to 
produce a common effect for all mammals. The 
matter is made more difficult by the variable 
responses of different animal species ; thus the 
guinea-pig responds to oestrogen with pro- 
liferation of all the mammary elements, whilst 
its action on the mouse is to produce growth of 
duct tissue alone. Goats and cows respond in 
varying degrees, from complete absence of 
development of udder tissue to the formation of 
fully sized and secreting glands. 

No less uncertain is the mechanism underlying 
the initiation of lactation. It seems probable 
that some secretions of the anterior pituitary 
lobe are necessary, for preparations of this 
organ will induce lactation in pseudo-pregnant 
rabbits, and cessation of lactation in the human 
is the most sensitive harbinger of the changes 


which will ultimately produce the fully- 
developed syndrome of pituitary failure 
described by Sheehan (1939). Indeed, a 


specific hormone of the anterior pituitary lobe 
has been isolated and characterized (Riddle, 
Bates and Dykshorn, 1933), and _ whilst 
considerable doubt exists as to the unitary 
function of prolactin, there can be no question 
that it is of extreme importance in the 
endocrine regulation of lactation. 

Whatever the function of ancillary hormones, 
the fundamental importance of oestrogen in 
priming the breast for secretion is established. 
The oestrogen does not necessarily have to 
originate from the ovaries, for the placenta is 
capable of secreting extremely large amounts, 
and smaller quantities are readily extractable 
from the adrenal cortex. Failure to realize 
these important sources has clouded discussions 
of lactation in animals subjected to oophorec- 
tomy. In addition to preparing the breast 
for lactation, changes in oestrogen levels have 
been suggested as the mechanism whereby it is 
initiated and maintained. However, no 
agreement as to the exact mechanism has yet 
been reached. During pregnancy, the high 
placental levels of oestrogen were said to inhibit 
the secretion of prolactin from the anterior 
pituitary lobe, and the sudden fall in titre 
associated with parturition to result in an 
uncontrolled release of the hormone (Nelson, 
1936). Although subject to criticism and 
revision (Meites and Turner, 1942; Folley, 
1956), this theory conforms with the clinical 
observation that large doses of oestrogen will 
suppress established lactation. In a compre- 
hensive review of the subject, Folley (1956) now 
propounds that oestrogen has a dual role in 
monitoring the anterior pituitary lobe, whereby 
low levels of circulating oestrogen activate the 
lactogenic function of the gland whilst higher 
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TABLE [| 


The Principal Features Found in Various Clinical Syndromes in 


which Amenorrhea and Prolonged Lactation Occur 


Radiological 


; : , Utero-Ovarian | Enlargement Relation to 
Clinical Syndrome Amenorrheea | Galactorrhoea Atrophy of Pituitary F.S.H. (Estrogens Pregnancy 
Fossa : 
Pregnancy... Pr éo'f ee Yes No No Early rise, Rising 
later fall 
Syndrome described by | Yes Yes No No Low | Deficient None 
Argonz and Castillo (1953) 
Acromegaly Sometimes Sometimes No Present Low to high Variable None 
Syndrome described by Forbes | Usually. | Yes No Commonly Low Deficient None 
et alti (1954) sometimes 
scanty loss 
Chiari-Frommel syndrome Yes Yes Yes No Low Deficient Constant 
Syndrome described by | Yes Yes No Present Not estimated | Not measured | None 
Krestin (1932) 
Syndrome described in Case | Yes Yes No Present High Probably high | None 


II of present report 


levels inhibit lactation. He suggests that 
progesterone in the levels encountered during 
pregnancy renders inhibitory the lactogenic 
stimulus of oestrogen, and that the fall of 
progesterone levels and consequent alteration of 
progesterone-oestrogen ratio at parturition allow 
the “ lactogenic ” action of oestrogen to manifest 
itself. 

Few cases of the Chiari-Frommel syndrome 

have been completely investigated. From his 
tabulation of the endocrine findings in the cases 
reported, Christiansen (1957) suggested that 
varying degrees of pituitary hypofunction and 
enlargement of the pituitary fossa are common ; 
but because of the dearth of clinical information 
this statement requires some qualification. As 
will be discussed later, there are other syndromes 
in which persistent lactation is accompanied by 
amenorrhcea and varying endocrine changes. 
Unless utero-ovarian atrophy has been demon- 
strated, these cases cannot be classified as 
examples of the Chiari-Frommel syndrome. An 
urgent delineation of the various clinical 
syndromes is needed, and the accompanying 
table sets out the major conditions in which 
amenorrhoea and prolonged lactation have been 
described. 

In many of the reported cases, as in the one 
here described, the levels of follicle-stimulating 
hormone have been extremely low. This would 
suggest that the pituitary element of failure 
was the primary one, since in the clinical states 
of primary ovarian failure—for example, after 
the menopause, following surgical castration 
and in Turner’s syndrome—the levels of F.S.H. 
are characteristically high. Yet this must be 
a selective failure of anterior pituitary function, 
for pituitary necrosis is not associated with 
galactorrhea. It is possible to conceive that 


one area of the anterior pituitary lobe is enlarging 
and secreting to the detriment of others. This 
has been postulated as the cause of galactorrhcea 
in acromegaly, and in the more recently 
described syndrome of hypo-oestrogenism, galac- 
torrhoea and low F.S.H. detailed by Argonz and 
Castillo (1953). However, Russfield and_ her 
colleagues (1956) have suggested that primary 
failure of end-organs such as the gonads may 
promote hyperfunction, hypertrophy and 
tumour formation of the pituitary gland. 


Unlike the syndrome of  galactorrhcea, 
amenorrhoea and low urinary F.S.H. excretion 
(Argonz and Castillo, 1953; Forbes e alii, 
1954), the Chiari-Frommel syndrome invariably 
follows pregnancy ; this implies that the breast 
is in a state receptive to continued stimulation. 
These authors consider that over-production of 
prolactin is the probable cause of the prolonged 
lactation, but no assays for this hormone were 
carried out. 


In acromegaly the situation is much more 
readily understood. Growth hormone is known 
as a potent stimulus to lactation, for while crude 
pituitary extracts will initiate lactation in the 
absence of the hypophysis (Houssay, 1935), 
partially purified prolactin is ineffective (Nelson 
and Gaunt, 1937). In this disease, simple 
hypersecretion of growth hormone can_ be 
postulated which, in addition to its widespread 
stimulating effects on other target organs, 
extends to involve the glandular elements of 
the breast tissue already favourably prepared 
by the hyperactive endocrine environment. 
Lactation is a rare occurrence even in acro- 
megaly, so that perhaps a delicate balance 
within this environment is also necessary for 
secretion from the breast to occur. 
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The second case differs from acromegaly in 
certain important respects. The lack of soft- 
tissue hypertrophy, the normal radiological 
appearances of the jaw and hands, the normal 
serum inorganic phosphate content, glucose 
tolerance and response to insulin and the 
absence of growth of hands over a period of 
six months all suggest that growth hormone is 
not the predominant secretion from the enlarged 
pituitary gland. The high levels of F.S.H., the 
well-cornified vaginal epithelium and the prompt 
response to progesterone suggest that oestrogen 
was present in high levels. If this is the case, 
then the continued secretion of milk is rather 
surprising, for it would be expected that 
suppression of prolactin would occur, as in the 
therapeutic experience with the drug and the 


postulated circumstances during normal 
pregnancy. Additional oestrogen also failed 
to suppress the activity of the breasts. It may 


be argued that the prolonged breast feeding 
during the first puerperium conditioned the 
breasts for continued lactation ; but its cessation 
prior to and during the second pregnancy makes 
this hypothesis unlikely. The evidence strongly 
suggests the presence of some pituitary hormone 
maintaining the breast in constant activity. 
That this is F.S.H. is most unlikely, for similar 
high levels are encountered during the normal 
menopause, in which lactation does not occur. 
Another trophic hormone, possibly prolactin, 
must be postulated. The excessive secretion of 
more than one trophic hormone is_ well 
exemplified by the coexistence of acromegaly 
and thyrotoxicosis. 

It is all the more surprising to find persistent 
lactation and amenorrhoea in what appear to 
be the reverse circumstances of the first case. 
Here, the level of F.S.H. was persistently low, 
and the appearances of the vaginal epithelium 
and failure to menstruate after progesterone all 
suggest low levels of circulating oestrogen. The 
vulval, uterine and ovarian atrophy can also be 
best explained on this basis. It might be 
suggested in this case that the lactation hormone 
had suppressed secretion of F.S.H., whereas in 
the second case it had increased commensurately 
with it. 

Further speculation is unproductive. Our 
understanding of the mechanism of lactation is 
hampered by the absence of accurate and readily 
reproducible methods for the assay of prolactin ; 
but it is even more impeded on the clinical side 
by a lack of clear delineation between the various 
syndromes and circumstances in which physio- 
logical and pathological lactation occur. The 
physiology of aldosterone secretion was deduced 
from careful case collection and collation ; the 
physiology of lactation may be clarified in the 
same manner. 
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THE CALCIUM INFUSION TEST: A DISCUSSION OF THE PATTERNS 
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SUMMARY 


The calcium infusion test was designed to assess calcium and phosphorus homzostasis and to measure 


bone metabolism. 


It was introduced as a diagnostic aid in parathyroid disease. 


The success of the test 


in these directions is reviewed, and the results of 60 infusions in patients with a wide variety of disorders 


are outlined and discussed. 


Most significant are the findings in hyperparathyroidism, in which varying 
patterns of response occur when impaired renal function and severe bone disease are present. 


The complete 


retention of calcium in severe renal disease is confirmed. 


THE assessment of calcium and phosphorus 
homeeostasis by the metabolic balance technique 
is laborious and requires special facilities. An 
alternative to balance techniques, in general, is 
the application of an acute challenge to homeo- 
stasis and the observation of the subsequent 
distortions and compensatory changes. This is 
the basis of well-known “ tolerance tests ’’, and 
the value of such tests depends upon the finding 
of characteristic reproducible patterns in given 
circumstances. 


The application of the ‘“ tolerance’ method 
to the study of calcium metabolism is relatively 
recent, and is both complicated by and made 
more valuable by the intimate relationship of 
phosphorus metabolism. The usual tolerance 
test consists of the study of the changes in the 
plasma and urine after the intravenous admin- 
istration of a standardized calcium load. The 
height of the plasma calcium level and the 
amount of calcium appearing in the urine after 
the infusion can provide important information. 
In terms of classical physiology, a raised plasma 
calcium level should inhibit parathyroid gland 
secretion as a normal homeeostatic response, 
and this in turn should result in a rise in plasma 
inorganic phosphorus level and a fall in urine 
inorganic phosphorus level from the diminished 
amount of the hormone affecting the renal 
tubules. In the absence of a _ parathyroid 
response owing, for example, to the absence of 
the parathyroid glands, there may be no rise in 
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serum phosphorus level and an unaltered amount 
of inorganic phosphorus in the urine. 


Salvesen et alit (1924) demonstrated that the 
intravenous injection of calcium chloride into 
dogs resulted in a rise of serum calcium level and 
of serum inorganic phosphorus level. Baylor 
et alii (1950) noted, in addition, that the 
phosphorus excretion in the urine was decreased, 
and they mentioned that parathyroid 
suppression explained this phenomenon. 

Schilling and Laszlo (1951) attempted to 
define the state of bone metabolism and some 
of the mechanisms which maintain calcium and 
phosphorus homeeostasis by using a calcium 
infusion test. They found that the rate of 
excretion of calcium in the urine was subnormal 
in patients with increased tendency to bone 
formation, but increased rates were found in 
patients with osteolytic activity. 


Howard e¢ alii (1953) used the calcium 
infusion test in an attempt to assess the 
functional status of the parathyroid glands. 
They supported the view that an elevation of 
serum calcium level “turns off’’ parathyroid 
secretion. They reported that normal subjects 
had a rise of serum phosphorus level and a fall 
in urine phosphorus excretion which indicated 
increased tubular reabsorption of phosphorus, 
since there is an immediate increase in urine 
phosphate excretion following an infusion of 
phosphate. In patients with hypoparathy- 
roidism there was never so marked a rise in 
serum phosphorus level, and in some cases 
there was a fall; but a rise in the urinary 
excretion of phosphorus was constantly found. 
In patients with hyperparathyroidism there 
was no clear pattern, but none had a rise in 
serum phosphorus concentration of greater than 
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one milligramme per 100 millilitres, and the 
urine phosphorus excretion was less changed 
than in a normal subject or in hypoparathyroid 
patients. They concluded that the rise in serum 
phosphorus level in normal persons was 
explicable on the basis of a movement of 
phosphorus from the intracellular compartment 
resulting from a decreased parathormone level 
or from a direct effect of the increase in serum 
calcium content. They could not explain it on 
the basis of decreased excretion of phosphorus, 
by increased absorption from the intestinal 
tract or mobilization from the bone. Goldman 
and Bassett (1954) and Justin-Besangon et alit 
(1954) also reported similar results in hypo- 
parathyroid patients. 

Spencer e¢ alit (1953) and Spencer e¢ alit 
(1954) reported that the calcium infusion test 
helped to characterize bone metabolism in 
osteoporosis. They held it to be a sensitive 
index of demineralization in such disorders as 
Cushing’s disease. They stressed that differences 
in bone metabolism might well be hidden in 
metabolic studies. However, Meiselas and 
Goldner (1955) could not confirm their results. 

Kyle et alit (1954) gave calcium infusions to 
controls, to patients with osteoporosis and to 
patients with osteomalacia. All these had 
significant rises in serum phosphorus con- 
centration, which were unrelated to the degree 
of hypercalcemia or to the change in urinary 
phosphorus excretion. Patients with osteo- 
malacia retained increased amounts of infused 
calcium, but those with osteoporosis retained less 
than the normal amount. They did not observe 
consistent changes in patients with hyper- 
parathyroidism, but two patients with hypo- 
parathyroidism had small falls in serum 
phosphorus levels. The urine output of 
phosphorus varied in patients with parathyroid 
disease. 

Nordin and Fraser (1954, 1956) reported the 
results of their calcium infusion studies. They 
particularly referred to the diagnostic value of 
this test in patients with osteomalacia, and 
emphasized the large amount of calcium which 
was retained. They also noted that virtually 
all the infused calcium was retained in chronic 
renal disease. In patients with osteoporosis, 
the serum calcium level rose higher than in 
normal subjects, but the urine output was not 
increased. They suggested that these findings 
might be due to a delayed uptake of calcium 
by bone. 

Since 1954 we have been studying the effect 
of calcium infusions on patients and controls, 
most of whom were admitted to hospital for 
study of disorders of calcium and phosphorus 
metabolism or of bone disease. In many 
instances, the studies were carried out on 


patients who were having formal metabolic 
balance studies carried out at the same time. 
We were particularly desirous of substituting a 
test such as the response to a calcium infusion 
for a formal calcium balance study. Further- 
more, it seemed desirable to establish the general 
usefulness of this test in our laboratory, 
particularly since the results reported by other 
workers appeared to be inconstant. 


MATERIAL AND METHODS 

Sixty calcium gluconate infusions were carried 
out on 36 patients, all of whom were admitted 
to the metabolic ward. A standardized infusion 
of calcium gluconate was given, and the effect 
on the serum calcium and serum phosphorus 
concentrations was observed. The excretion of 
calcium and phosphorus in the urine was 
measured and compared with control periods, 
and in some instances the excretion of water 
was studied. The retention of infused calcium 
was calculated and expressed as a percentage. 

In every instance the patients were admitted 
to the Clinical Research Ward for the period of 
the test. When possible, a diet of low calcium 
and phosphorus content was given for at least 
two days before the infusion, during the infusion 
and for one day after. 

In this series only five patients were given 
infusions while on a high intake of calcium ; 
three patients were being treated for post- 
operative hypocalcemic tetany (in two following 
thyroidectomy and in one following the removal 
of a parathyroid adenoma) ; and two were being 
treated for osteomalacia. 

Urine was collected for two 24 hour control 
periods immediately before the day of the 
infusion. All urine on the day of the infusion 
and on the day after, was collected and analysed 
as two separate 24 hour specimens. 

Except in the case of patients who were also 
being investigated by the full balance method, 
diets and stools were not analysed. 

On the day of the test, the patient was bled 
in a fasting state and an infusion containing 
15 milligrammes per kilogramme of body weight 
of calcium, as calcium gluconate, was given. 
The amount of 10% calcium gluconate solution 
required was made to a volume of 500 millilitres 
with glucose 5% in distilled water in all cases 
except in three early tests, when a standard 
amount of 50 millilitres of 10% calcium 
gluconate solution was given. In general the 
calcium gluconate solution was infused over a 
period of four hours, but in a few cases the time 
was lengthened to six hours when the patients 
became nauseated. Once the infusion was 
commenced, the patient was allowed to have 
breakfast and lunch as usual. Ambulant 
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Changes in Serum and Urine Induced by Calcium Infusions : 


Pre-Infusion Levels 


Normal Dose ene ie 100 
Sub- | Weight of | millilitres) 
jects (Kg.) | Calcium 

(Mgm.) - 
| Phos- 
Calcium | phorus 
| 
| 

B.F 84 1260 10°8 3°6 
J.N 71 1050 Ir‘o 3°9 
J.B. 47 715 10°9 $°5 
J.D. - 446 s ‘ 


patients were not confined to bed, and the 
infusions, 


(Men 


Calciu 


controls, apart from the period of the 


were up and about. 


Blood was collected again eight hours after 


the commencement of the infusion. 


Chemical Methods 


The serum was analysed for calcium by the 


Urine 
1. per Day) 


Phos- 


m| phorus 


TABLE I 


Serum 
(Mgm. per 100 
Millilitres) 


Phos- 
Calcium | phorus 


+3°0 +2! 
1°6 I°4 


| Calcium 


JAMES McRag, PatriciA J. CROWE AND Nancy E. DALE 


Normal Subjects 


Post-Infusion Changes 


First Day 


Urine 


(Mgm. per Day) 


+427 
T 349 


r2x5 


about 24 hours 


Phos- 


phorus 


Increase 


| in First | 
| Day 
Urine | Urine 
Volume | Calcium 
(MI. per | as Per- 
Day) | centage 
| of Dose 
| Infused 
| 
— ame 
+1320 | 34 
+1260 | 33 
| 34 
26 





Second Day 
Jrine 
(Mgm. per Day) 


Phos- 
Calcium | phorus 
-I11 +196 
-68 83 

7 177 

13 170 


in order to remove the excess 
acetate ions, which may interfere with the 


calcium analysis when the concentration of 


calcium is low. 


The ash was extracted with 


hydrochloric acid and made up to approximately 


15 millilitres 


with 


water. 


The 


method of 


Hoffman (1931) was used to determine the 


method of Clark and Collip (1925) and for 
inorganic phosphorus by the method of Fiske 


and Subbarow (1925). 


to 


carried out. 
Subbarow method was used. 


For the estimation of calcium in the urine, 
an aliquot (usually five millilitres) of urine was 
dried in an oven, and then ashed at 600°C. for 


The urine specimens 
were acidified with glacial acetic acid in the 
proportion of 4-0 millilitres of glacial acetic acid 
each 100 millilitres of urine. 
phosphorus content of the urine was estimated 
if the calcium infusion was carried out during 
a calcium and phosphorus balance study, and 
the inorganic phosphorus of the urine 
estimated if the calcium infusion only 
In both cases the Fiske 


The total 


was 
was 
and 


The 


of 


the 


calcium content. 


RESULTS 


23% of the control level. 


was 


TABLE II 


higher. 


Changes in Serum and Urine Induced by Intravenous Calcium Infusions : 


Pre-Infusion Levels 


Hypo- Serum Urine 
para- | Dose of | (Mgm. per 100 ml.)!} (Mgm. per Day) 
thyroid | Weight | Calcium 
Sub- (Kg.) (Mgm.) _ 
jects 
Phos- Phos- 
Calcium | phorus | Calcium) phorus 
| | 
W.W. 67 1005 | 7°! 50 | 35 618 
1c. 63 934 6-1 6:8 | 25 363 
J.W. 62 996? 6-2 6°4 
N.L.' 57 858 6-0 156 255 
P.* 55 827 9°2 4°6 152 213 
H. 54 805 7°2 7-0 45 200 
. 54 792 «(| 5°9 5:0 | 21 218 
A. 41 621 7°97 4°0 | 16 408 
1 These patients were treated with calcium and ATro. 


* Dose calculated incorrectly. 


Serum 


the 


calcium. 


increased 


A typical normal response to the infusion of 
calcium was an increase in the serum phosphate 
level of 1-4 milligrammes per 100 millilitres, 
and of the serum calcium level of 1-6 milli- 
grammes per 100 millilitres (Table I, J.M.). 
urine calcium excretion 
122 milligrammes per day above the mean of 
the two control days, and this represented 33% 
administered 
phosphate excretion fell 247 milligrammes or 


by 


The urine 


The volume of urine 


Post-Infusion Changes 


First Day 


Urine 
(Mgm. per 100 ml.) (yom, per Day) 


Phos- 

Calcium | phorus 
+2°4 +18 

+2°7 +o0°5 

+2°4 +O°4 

Lo Lo-7 

TE°2 +O°9Q 

+2°4 —O'4 

+2°2 +o-2 

+3°6 +0°6 


| 
} 
| 
| 


Phos- 
Calcium | phorus 
+73 35 
+237 274 
+ 303 54 
+ 369 150 
+78 +78 
+183 +130 


Urine 


Volume 
(Ml. pe 


Day) 


Increase 
in First 
Day 
Urine 
r} Calcium 
as Per- 
centage | 
of Dose 


second 


in the first 24 hours was 1260 millilitres greater 
than on the control days, but the fluid intake 
During 


hours 


24 


Hypoparathyroid Subjects 


Second Day 
Urine 
(Mgm. per Day) 


Phos- 
Calcium | phorus 
Infused 
10 +277 
28 194 
12 I12 
+41 18 
II +120 
76 117 
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TABLE III 


Changes in Serum and Urine Induced by Intravenous Calcium Infusions : 
Hyperparathyroidism 


| Pre-Infusion Levels 


Subjects with Suspected and Proven 


Post-Infusion Changes 


First Day Increase Second Day 


Dose of Serum Urine Serum Urine in First Urine 

Sub Weight | Calcium | (Mgm. per 100 ml.)) (Mgm. per Day) | (Mgm. per roo ml.) (Mgm. per Day) Urine Day (Mgm. per Day) 

jects (Kg.) | (Mgm.) 7 ; “" | Volume! Urine . . ' 
ie (MI. per | Calcium 4 

Day) as Per- 
Phos- Phos- Phos- Phos- centage Phos- 
Calcium | phorus | Calcium| phorus | Calcium! phorus | Calcium) phorus of Dose | Calcium | phorus 
Infused 
ve ON | 
Suspected Hyperparathyroidism 

F.S. 80 1200 12‘! 2°4 345 772 +2°9 I°5 +354 145 +1110 29 —69 +34 

0. 66 982 II‘! 3°6 157 665 +12 +a +377 +183 . 38 81 83 

; 79 «| «21189 II‘9 3°1 202 859 +19 1°8 +337 492 28 + 165 +337 

PS. 75 1125 10°9 2°0 103 544 +3°1 +1-9 + 390 + 4 +1540 35 +31 202 

J, 59 891 112 3°6 54 733 +0°3 +o-8 + 404 243 45 +76 +20 

Proven Hyperparathyroidism 

D.B. 77 | 1160 12°7 2°7 300 885 +1°7 I°2 +422 +74 +20 36 12 16 

$s, 56 | 446 13°7 3°2 166 622 0-6 a-5 +14 147 3 3 58 

O'N 52 785 13°3 2°2 302 7 +1°3 o-2 + 257 +31 75 33 + 269 +108 

F. 623 9°9 5°3 gI 259 +0°4 ¥*S +9 37 +55 I 9 +19 

F. 446 13°4 I°9 477 907 _ - +67 +32 + 160 15 87 -117 
following the infusion there was a fall in calcium and AT 10, and they excreted a greater per- 
output compared with the two control days, centage of the infused calcium. The urine 
and the phosphorus output remained depressed phosphate excretion increased, in some cases to 
except in one instance, in which there was an 70%, above control levels, which generally were 
increased output. This response corresponds low. In the second 24 hour period the output 
with that reported by other authors. of calcium decreased and in most instances was 
Eight patients with post-operative hypo- still greater than on the control days. The 
parathyroidism were studied, and the increased output of phosphate persisted, except 
characteristic response was an increase in serum in the two patients who were taking AT 10 

calcium similar in amount to that of the normal and added calcium. 
group, but to a lower final level (Table II). In a group of patients with suspected and 
The serum phosphorus content increased slightly proven hyperparathyroidism (Table III), the 
in most instances, and the lower the pre-infusion serum calcium level rose by a similar absolute 
level of inorganic phosphorus, the greater the amount, but the percentage increase was smaller 
increase. The output of calcium in the urine than in the controls. The serum phosphorus 
increased, but to a lesser extent than in normal level rose except in one patient with advanced 
subjects. Two patients were given their renal failure and an initially elevated serum 
infusions while having a high calcium intake phosphorus level. This increase was over one 
TABLE IV 


Changes in Serum and Urine Induced by Intravenous Calcium Infusions : Patients with Renal Insufficiency 











| } Pre-Infusion Levels Post-Infusion Changes 
: : ‘ First Day Increase) Second Day 
| Dose of | Serum Urine Serum Urine in First Urine 
Sub- | Weight | Calcium | (Mgm. per 100 ml.)} (Mgm. per Day) | (Mgm. per roo ml.)) (yom. per Day) ‘ | Day (Mgm. per Day) 
jects | (Kg.) | (Mgm) | . Urine Urine . 
eee Ee a | Ll lll hl _ 
(M1. per | as Per- 
| Phos- Phos- Phos- Phos- Day) centage Phos- 
| | Calcium | phorus | Calcium} phorus | Calcium} phorus | Calcium} phorus . Pas Calcium | phorus 
| | nfuse 
| 
| 
F. | 79 1180 | 10-2 5°99 | 56 | 484 ‘0 | —0-3 +41 —76 | —535 3 —8 | +150 
Mc. 64 948 7°6 13°8 | 10 428 +1°8 —I-1 +3 +25 +274 <1 +4 —18 
F. 44 623 | 9°9 sa | @ 259 O-4 eo +9 —87 +65 I =¢ +19 
E. 39 582 | 6-9 9°6 4 13 259 +o-8 —or!r +19 —89 —_ 3 anf —88s 
| | | 








' Proven hyperparathyroidism. 
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TABLE V 


Changes in Serum and Urine Induced by Intravenous Calcium Infusions : 


Pre-Infusion Levels 


Patients with Osteoporosis 


Post-Infusion Changes 


| — | Increase | ines : 
| Dose of | Serum Urine Serum Fist, Day | | in First | Second Day 
Sub- | Weight | Calcium |(Mgm. pe 1.) | (Mg “r Day) | (Mgm. pe 1.)| — | De pe 
Sub eight | Calcium |(Mgm. per roo ml.) | (Mgm. per Day) | (Mgm. per roo ml.) (Mgm. per Day) | ,.. | Day | (Mgm. per Day) 
jects | (Kg.) | (Mgm.) | Urine | Urine | ’ 
| | Volume | Calcium | 
| | | | | (MI. per | as Per- | 
| | | Phos- Phos- | Phos- | Phos- | Day) centage | Phos- 
Calcium | phorus | Calcium}! phorus | Calcium] phorus | Calcium | phorus | of Dose | Calcium | phorus 
| | Infused | 
| | | | 
| | | | | | 
R. 69 | 1027 10°7 5*3 rez | I'o | | - —| — | 
D. 66 446 II*2 3°4 37 463 +o°4 | +0°5 | +72 | 171 | 210 | 16 | +84 I 
J.R. 62 } 940 10°4 4°0 106 742 16 | r°% +507 | —118 | - 54 | +44 195 
4 52 780 10°8 4°0 52 465 +2°5 | +1°1 +298 | —230 - | 38 — 28 +17 
M. 52 | 774 eet 3°3 105 658 a +408 | —279 - | §3 +94 | +41 


milligramme per 100 millilitres in four patients. 
The urinary output of calcium was increased, 
but to a very varied extent, and over all no 
greater percentage of the infused calcium was 
excreted than by normal subjects. Urinary 


phosphorus’ excretion increased in most 
instances, and the diuretic response was 
variable. 


The output of calcium remained high in the 
second 24 hours in some cases, but in others it 
was decreased in comparison with the control 
days. The urinary phosphorus excretion was 
very variable. 

Four patients with renal insufficiency were 
investigated (Table IV). The serum calcium 
level rose with the infusion by the usual amount, 
but the serum phosphorus level always decreased 
slightly. Virtually the whole of the infused 
calcium was retained and the urinary phosphorus 
excretion decreased. 

The pattern of response of five patients with 
osteoporosis of various types (Table V) was 
similar to that of the controls. The serum 
calcium and phosphorus levels increased, and 
the amount of calcium in the urine rose, perhaps 


slightly more of the infused dose appearing than 
in the urine of normal persons. This loss 
continued in the second 24 hours. The urinary 
output of phosphorus decreased after the 
infusion, but on the next day there was an 


increased output of phosphorus in some 
instances. 
One patient, who had a _ malabsorption 


syndrome and osteomalacia, showed normal 
changes in serum and phosphorus levels, but 
there was complete retention of the infused 
calcium. The urinary phosphorus excretion 
increased slightly. The initial and final serum 
calcium levels in this patient were particularly 
low. 

An adult and a child with refractory rickets 
had normal patterns of response. 

One child with hyperchloremic renal acidosis 
excreted a large proportion of the infused 
calcium while she was being treated with a 
calcium-rich diet and vitamin D. The test was 
repeated while she was having substantial 
amounts of sodium citrate in addition, and 
almost all the infused calcium was retained 
Table VI). 


TABLE VI 


Changes in Serum and Urine Induced by Intravenous Calcium Infusions : 
and Control 











Patient with Hyperchloremic Renal Acidosis, 























| | Pre-Infusion Levels Post-Infusion Changes 
| ec Le a ae : a ee 
| | Ss I 
Se : Serum firs ‘ Increase} se, von 
Dose of Sim. we | Urine (Mgm. per a ow in First _ me Dee 
| Weight | Calcium L. | (Mgm. per Day) too ml.) Mem. . Day M - Day 
Subjects | (Kg.) (Mgm.) naoroe (Mem. per Day) Urine Urine (gen. par Day) 
| ae od ee ____| Volume | Calcium| - 
} | | (MI. per | as Per- | 
| | | | Day) | centage 
| Cal- | Phos- | Cal- Phos- | Cal- | Phos- | Cal- Phos- of Dose | Cal- Phos- 
| cium | phorus | cium | phorus | cium | phorus | cium | phorus Infused | cium | phorus 
soe } a Soe 
| 
Hyperchloremic | 
renal acidosis : | 
one subject .. 22 325 10°6 2°8 gI 638 +0°6 | +0°7 |+103 | —104 —_— +22 +50} —63 
Control: sodium 
citrate, 100 
mEq. per day 25 | 361 10°8 3°2 127 222 +0°3 | +0°3 —10 —72 — +o —32 | —145 
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TABLE VII 


Changes in Serum and Urine Induced by Intravenous Calcium Infusions : 


| . 
| Pre-Infusion Levels 




















H Serum 3 
Dose of (Mgm. per } Urine 
Disorder and Weight | Calcium | 100 ml.) (Mgm. per Day) 
Subjects (Kg.) (Mgm.) 
| Cal- Phos- Cal- Phos- 
cium | phorus | cium | phorus 
rome | — a Sn 
Sarcoidosis: S... | 41 611 10°8 3°8 199 399 
Malabsorption and| 
osteomalacia: S.| 66 982 6:0 4°0 19 825 
Refractory rickets :| | 
a xs ea 80 890 10°! 2°4 86 824 
eet ‘ws 22 325 9°8 2:0 31 25 
Hyperthyroidism : | 
| oer es 59 885 10°7 4°1 242 726 


The findings in a small group of patients with 
a variety of conditions are tabulated (Table 
VII). 

In a number of cases the test was repeated in 
similar circumstances, and the _ responses 
obtained were very alike. 


DISCUSSION 


The calcium infusion test was used both to 
assess factors influencing calcium and phosphorus 
homeeostasis and to assess bone metabolism. 
In our experience, it was not consistently useful 
as a diagnostic aid in difficult cases, or as an 
indicator of induced changes in bone metabolism. 

In patients suspected of having primary 
hyperparathyroidism on account of renal calculi 
and phosphorus levels questionably outside the 
normal range, the responses following infusion 
were of particular interest. The amount of 
phosphorus appearing in the urine after the 
infusion decreased in some patients, but others 
responded as though there was no change in 


Patients with Miscellaneous Disorders 
| Post-Infusion Changes 


Serum First Day Increase Second Day 
(Mgm. per Urine — Jrine 
100 ml.) (Mgm. per Day) —- vay (Mgm. per Day) 
Urine Urine 


Volume | Calcium 
(Ml. per! as Per- 





Day) | centage 
Cal- Phos- Cal- Phos- of Dose | Cal- Phos- 
cium | phorus | cium | phorus Infused | cium | phorus 
+1-o 1-2 +179 50 : 29 +22 -go 
1°8 oO-4 22 +41 2 —! +111 
+2°5 +O°5 +116 600 13 +10 +114 
0-8 +0-6 51 153 — 16 2 51 
+3°3 +0°7 +164 433 + 1060 19 166 289 


parathyroid secretion, since urine phosphorus 
excretion increased with increasing serum levels. 
We believe that these latter patients should be 
surgically explored for parathyroid adenomata. 


The effects of altered renal function on the 
response of five patients with proven primary 
hyperparathyroidism were striking, and some 
data are shown in Table VIII. The proportion 
of infused calcium appearing in the urine varied 
inversely with the adequacy of renal function 
and also with the extent of bone disease. It is 
also notable that when renal function was poor 
or bone disease severe, the output of phosphorus 
in the urine fell instead of increasing. The 
separation of the parts played by renal 
impairment and bone disease in modifying the 
pattern after a calcium infusion in hyper- 
parathyroidism is difficult. We think that the 
renal factor may be equally as important as 
bone disease in reducing the excretion of calcium, 
although the fact that the previous diet can 
alter the percentage of infused calcium appearing 


TABLE VIII 


Changes in Serum and Urine Induced by Intravenous Calcium Infusions : 
Decreased Renal Function 





Pre-Infusion Levels 


Hyperparathyroid Patients in Relation to 


Post-Infusion Changes 


, , First Day Increase 
Blood Serum Serum Urine Serum Urine in First 
| Urea Alkaline (Mgm. per 100 ml.) (Mgm. per Day) (Mgm. per 1oo ml.) (Mgm. per Day) Day 
Subject | Level | Phosphatase Urine 
(Mgm. per | (K.A. Units Calcium 
roo ml.) | per roo ml.) | as Per- 
} Phos- Phos- Phos- Phos- centage 
| Calcium phorus Calcium phorus Calcium phorus Calcium phorus of 
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in the urine suggests that the underlying avidity 
of bone for calcium is of major importance. 


Hypoparathyroid patients had characteristic 
responses, but the diagnosis is made by simpler 
means. It is not clear why the increase in 
urine phosphorus excretion in this group is not 
related to the increase in serum phosphorus 
level, although of course, there is only one 
determination of serum phosphorus level in the 
24 hours. However, the higher the control 
output of phosphorus, the greater is the increase 
in urinary phosphorus excretion. 


When the test was used as a measure of metabolic 
bone disease, it was apparent that in patients 
with osteoporosis less calcium was retained than 
in normal subjects. However, when the test 
was used in an effort to assess the efficacy of 
serum albumin or hormones in inducing a 
positive calcium balance, only in one instance 
was there parallel evidence between the findings 
of a full balance study and the results of the 
infusion test. The changes were slight. On 
the other hand, in a child with hyperchloremic 
renal acidosis, the infusion of calcium gave 
clear-cut evidence that calcium was being laid 
down in bone when sodium citrate was given, 
and here the beneficial effects of therapy were 
more easily demonstrated than with the classical 
balance study. 


In advanced renal failure, little or no calcium 
appeared in the urine either before or after the 
calcium infusions were given ; calcium was not 
serving as a significant ‘‘ base saver’’ in the 
manner discussed by Albright and Reifenstein 
(1948). Our patients had hypocalcemia ; but, 
as has already been pointed out, hyperpara- 
thyroid patients with hypocalcemia and renal 
disease also failed to excrete calcium in their 
urine. The fall in serum phosphorus level 
following the infusion may be attributed to the 
formation of insoluble complexes with calcium 
and their removal from the circulation. It 
would be interesting to follow the progress of 
renal osteomalacia when that stage of renal 
failure is reached at which calcium is no longer 
being lost from the body. If the lesions 
progressed at this time, this observation would 
favour the theory that secondary hyperpara- 
thyroidism is more important in producing 
bone disease than acidosis. 

Further points of criticism of the test are that 
it is a complicated procedure, which requires a 
period of stabilization on a diet of low calcium 
content and a metabolic ward for the certain 
collection of specimens. The usual precautions 
about additional calcium in tablets, toothpaste 
and mixtures are necessary. Diuretics must 
be avoided and the fluid intake regulated if 


significance is to be attached to changes in 
urinary output. No further information is 
gained by continuing the urine collection for 
the second 24 hours, and the test could well be 
shortened to three days. 
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ANNIE B. CUNNING LECTURE ON NUTRITION 


The eleventh Annie B. Cunning Lecture on Nutrition 
was delivered in the Physics Lecture Theatre of the 
University of Adelaide on the evening of Friday, July 
18, 1958. The lecture was delivered by Hedley 
Marston, Esq., F.R.S., Director of the Animal Nutrition 


Division of the Commonwealth Scientific and Industrial 
Research Organization, on the subject ‘“‘ The Cobalt 
Story ’’’. The lecture was attended by an audience of 
150 persons. 


MEMBERSHIP 


Admission of Members. The following candidates 
who were successful at an examination held in Australia 
in August—October, 1958, were admitted to Membership 
on October 9, 1958: W. Berns, F. J. T. Croll, J. C. 
Farrell, H. G. Gallagher, B. R. Huxtable, K. P. W. 
Moore and T. Selby, of New South Wales; N. McK. 
Bennett, R. A. Chenoweth, Austin E. Doyle, A. D. 
Grounds, F. L. Johnson, D. S. Nurse, R. G. Shaw, 
L. E. G. Sloan, J. B. Webb and C. W. E. Wilson, of 
Victoria; Ian J. Forbes and J. G. Wilson, of South 
Australia ; B. J. Knapp and J. P. Masel, of Queensland ; 
B. M. Spence, of Tasmania. J. A. Bonnin, of South 


Australia, and K. Viner Smith, of New South Wales, 
were admitted to Membership under the provisions of 
Article 37. 


Obituary. The Council records with regret the death 
of Sir D’arcy Cowan, of South Australia, Dr. A. B. 
Corkill and Dr. G. M. Tallent, of Victoria, who were 
Fellows of the College, and Dr. J. E. Byrne of London 
and Dr. G. R. West, of South Australia, who were 
Members of the College. 


Membership Roll. The College now has a roll of 
nine Honorary Fellows, 329 Fellows and 563 Members. 


GENERAL 


Bequest and Gifts. The College has received with 
appreciation a gift of £500 for general purposes from 
the Collier Charitable Fund, and a bequest of £500 for 
general purposes from the late Dr. W. T. Nelson. 

Scholarships. The Travelling Scholarship in Medicine 
for 1959 was awarded to Dr. R. S. Packard, of New 
South Wales. The Margaret Ryan Scholarship in 
Medicine at St. Vincent’s Hospital, Melbourne, for 
1958 was awarded to Mr. Bernard George Clarke, and 
the T. F. Ryan Scholarship in Medicine at the Royal 
Melbourne Hospital was awarded to Mr. Harry Ross. 

Representative of the College. Dr. T. M. Greenaway 
has been appointed as College representative on the 
Medical Education Committee of the British Medical 
Association, New South Wales Branch. 

Editorial Representative. Professor E. S. J. King, 
of Melbourne, has been appointed an Editorial 


Representative of AUSTRALASIAN ANNALS OF MEDICINE 
for the period 1958-1960. 

Sir Arthur Sims Commonwealth Travelling Professor- 
ship. Mr. W. C. Gissane, F. R. C. S. (England), 
F.R.C.S. (Edinburgh), Surgeon-in Chief and Clinical 
Director of Birmingham Accident Hospital and 
Rehabilitation Centre, will visit Australia and New 
Zealand from February to May, 1959, as Sir Arthur 
Sims Commonwealth Travelling Professor. His visit 
will be arranged by the Royal Australasian College of 
Surgeons. 

Future Meetings of the College. The venue of future 
meetings of the College is as follows: 1959, annual 
meeting, Adelaide, and ordinary meeting, Melbourne ; 
1960, annual meeting, Melbourne, and ordinary meeting, 
Sydney ; 1961, annual meeting, Perth. 
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